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PREFACE 


rriHE object of this book is to give a short account of the'main 
results of modern quantitative marine biological investiga¬ 
tions, and of the related results of hydrography and oceanography. 
There is at present no adequate summary of these researches 
in English; and although several German accounts have been 
published these do not seem to be very well known in this country. 
Already a great number of memoirs have been written, but 
the publications in which these have appeared are not very 
accessible, even in the ordinary biological librai-ies. Much of the 
work, especially that relating to the methods of plankton research, 
and to the hydrodynamical investigation of ocean curi'ents, is very 
technical and can hardly be summarised in a book of this character. 
So I have referred to the most important memoirs, and from these, 
and the further references which they contain, the reader will be 
able to tap the original sources of information. Part I. of the 
book is rather elementary in treatment, the object being to supply 
an account of those facts of oceanography which are not likely to 
be familiar to the reader who is not specially interested in marine 
biological investigation. ,Part II. deals with the methods and 
results of quantitative marine biological research; and Part III. 
with the general conditions of life in the sea. 

It is characteristic of a really great idea in science that it 
should stimulate further discovery by the suggestion of new lines 
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of research, and new methods of inv(‘.sti^^‘ation. llons<*ns pi’imary 
object in devising methods and apiKirat-iis by means h| whirh it 
might be possible to estimate the actual luimlxu's ef f he tuierH'^cupir* 
animals and plants inhabiting parts of tlu^ s(‘a, seems fe ha\** In-fu 
the calculation of the iiiimbc'rs of cm-tain sp(a*ic\s of uliblr tisln-s 
in the North Sea and Baltic. But whenev(‘r it hec‘aiuf ]HKs.sihlr to 
estimate (even roughly) tlu^ numbers ef plants anci animals, uf 
microscopic dimensions, in ipstrictia! sea-arc‘as, a. best of intfresi iiiijr 
questions immediately sugg(‘sted thtauw^lves ; amllhesr \^nidd n«u 
have arisen—indeed did not aris(‘.~apa,rt from the stimulus <4' tin* 
application of methodsof (|uantitativ(‘n‘S(‘andt tn marine luehtgieai 
investigation. Thus Ave had Hc‘ns(ms disenssiuns uf the pm 
ductivity of the sea, and his comparison of this with ihr fruitftih 
ness of the land; and Brandts invtsstigation uf the ehrmiral 
composition of the plankton, with all the iitteresting qtie.NtieuH am! 
speculations which were suggested by tin* n‘Hutts «)f iIu’m* fwtt 
series of researches. Then whenevm' the planktnn heeiune regiird<'(| 
as the “pastures of the sea’’th(‘ (pu^stion of the distribniiun u( 
the sources of nutriment of these' marim' pastures itievifablv 
suggested itself; and new and accurak' cletmiuinatitius uf ihi* 
proportions and distribution of tlu' ultimate itmrgiinic- fombstulls 
of marine organisms were instituted. Atid wheii it was loumi 
by means of quantitative plankton invi'siigatiuuH that, the masH of 
life in different parts of the oceans of the world varied gnnitlv per 
unit volume of sea, it was sium that thi» causi' of this variation 
could reside only in the concomitant variation of the proportions id’ 
the ultimate inorganic food-stuffs. Hut why do the latter vary f 
Brandt suggested bacterial action, and very st>oii tin* investigation 
of the nitrogen "bacteria of the B(*a eomnn*neecl with tin* mohi 
fruitful results—and a further insight was gained into the *jnesiion 
of the circulation of nitrogen in nature. Other <*auses were flnm 
suggested, and it has become probable that tlu^ circulation of 
stuffs in the sea is to be closely associated with the distrihiiiioii of 
oceanic streams and currents. 
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Modern oceanographical research has been developed from the 
work of Murray, Buchanan and Dittmar, which was based on the 
collections and observations made during the Challenger expedi¬ 
tion. Cleve and Pettersson then attempted to trace the origin of 
the water which, from season to season, drifted to the shores of 
0 Scandinavia. Knowing that different sea-areas were characterised 
by different facies of microscopic life they endeavoured to press the 
study of the plankton into the service of hydrography, and 
hydrography into that of meteorology. Like Hensen’s, their 
object was a restricted one, but the idea involved was so fruitful 
that a host of investigations sprang from it. To it we owe new 
determinations of the chemical composition, and the physical 
properties of sea water; and the invention of beautiful apparatus 
for the tracing and measurement of ocean currents ; as well as the 
mathematical investigations by Sandstrbm, Helland-Hansen, and 
D’Arcy Thompson of the movements of water-masses in the sea. 
Then if different plankton types are to be associated with water of 
different chemical and physical properties the causes are to be 
sought. Again new investigations were instituted, and the study of 
the association of changes in the salinity and temperature of the 
sea, with concomitant changes in the nature and abundance of the 
plankton, was extended to the study of the migrations and breed¬ 
ing habits of fishes. Queer side-issues have arisen in the course 
of these investigations : the study of the physical condition of the 
particles composing the sea-bottom, for instance, and the association 
of changes in the viscosity of the sea water with the movements 
of the plankton. 

Possibly more was anticipated from the direct results of the 
quantitative investigation of the plankton than has actually been 
acquired. Probably too, Hensen, Cleve and Pettersson under-rated 
the difficulties of the work, and under-estimated or overlooked 
sources of error. It would be strange indeed if they did not! 
Criticism, both of methods and results, has not been wanting. 
How much, for instance, has the quantitative study of marine life 
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been prejudiced in this country by the publication of Haeckid’s 
Planhton-Studienl And how many people who have read that 
brilliant but injudicial essay have seen Hensen’s reply to it I 
I have tried critically to consider the weight of the various 
objections that have been made against conclusions deduced from 
the quantitative study of marine life, and trust that I have* not 
under-estimated these. Adverse criticism, which would surely have 
been fatal to the development of an unsound method of investigation 
has certainly stimulated research on the lines suggested by fhmsen. 
Lohmann’s work, for instance, was essentially critical and yet, more 
than any other piece of plankton investigation published siiu^e 
the appearance of Hensen’s first memoir, it will facilita,t;(^ iho 
quantitative study of the plankton. Admittedly imi)erfcH^t and 
incomplete as are these investigations, their results form 
theless the most fascinating chapter of modern mariiu^ biological 
research, and as such may be commended to the reader. 

I am indebted to my colleagues Miss M. Allen, and Mr II. J. 
Buchanan-Wollaston for much kind assistance; to Dr F. W. (Jambh* 
for reading part of the manuscript; and to Mr A. E. Whipley f(U‘ 
many suggestions, and much advice. 

J. J. 


Liverpool, 
Jul^ 1908. 
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PAET I. 


INTRODUCTORY. 


OHAPTEK I. 

THE EXPLORATION OF THE SKA. 

When, in December 1872, the Challenger left Portsmouth on 
her memorable voyage methods of oceanographical discovery wcu’o 
very imperfectly developed and what was then known of tln^ 
physics and biology of the deeper seas of the earth was ru^ither 
very exhaustive nor exact. There had indeed been many voyag(‘S' 
of discovery in the course of which researches other than pun'ly 
geographical ones had been attempted, but it was only a few ji^ars; 
previous to 1872 that what we now recognise as oceanographical 
investigation had been contemplated as an imd in itself. Such 
a colossal task as a systematic survey of the oceans of tln^ glola^ 
might usefully have been preceded by a preliminary study of tln^ 
apparatus and methods of the earlier cruises, atid by some extiui- 
sive experiments applied to the perfection of thesis Tliis, liowev(u*, 
was not done and the ship left England on her three years’ voyages 
with an ecjuipment containing little that was novel. But tlu^ 
expedition was planned out spaciously, the ship was powerful and 
commodious and her naval and civilian staff were efficient in tlu^ 
highest degree. The apparatus was thus tested in every possibh^ 
way and an invaluable foundation was laid foi* later improvtujiumt. 

About a dozen oceanographical cruises of first rate importanei^ 
have been made since then and almost every detail of tht^. 
Challenger equipment has undergone iu%enicnt and improvtummt. 

I 


J. F. 




2 


THE EXPLORATION OF THE SEA 


[part I 


A perusal of Chapters II and III of the Narrative of the Voyage, 
and a comparison of these with an account of the latest voyage of 
discovery will reveal many improvements in details of apparatus 
and general methods. Nevertheless there is little essential 
change. The Challenger voyage was so prodigious an advance on 
anything that had previously been attempted that a correspond¬ 
ing amount of progress will be difficult to attain. If we except ^ 
the modern quantitative method of attack on problems of marine 
biology there is little in the aims and methods of any of the 
latter-day expeditions that is not indicated in the instructions 
issued by the Admiralty to the Challenger staff. ‘ ^ The ship 
proceeded on her three years’ voyage without haste: she sounded, 

* trawded, dredged and tow-netted, and when she returned a number 
of English and foreign specialists leisurely investigated the 
collections made, and collated and studied the data obtained. All 
this remains except the leisure: the modern expeditions sound, 
trawl, dredge and tow-net, just as the Challenger did, but with 
improved gear. To complete the parallel the famous Challenger 
Rep 07 't still remains as the model on which all subsequent ones 
have been made. 

The Challenger methods and apparatus have now acquired 
immortality in the cheaper text-books and I hope to acquire merit 
by refraining from their further description. A glance over the 
publications of the expeditions of the last thirty years reveals 
a host of improved forms of oceanographical apparatus. Every 
one of these cruises has added a new modification of some 
apparatus and has tacked on to it the name of some member of 
its staff, so that a catalogue of oceanographical gear would also be 
a list of the names of those who have taken part in this kind of 
discovery. For a description of all this apparatus encyclopediac 
limits would be necessary. How then is a conscientious author to 
indicate the progress made in this field ? This chapter is, how¬ 
ever, only intended to serve as an introduction to a more special 
aspect of marine study and therefore a somewhat cursory survey 
of the apparatus of oceanography will suffice. 

The fundamental gear of the science are the sounding machine, 
the thermometer, the salinometer or its equivalent, the trawl and 
dredge, and the tow-net. This order is a logical one, since 
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biological enquiry, so far as it is not a mere catalogue* of the* 
names, characteristics, and distribution of orgaiiisins, is to be bas<‘<l 
on the results of physical investigation. 

The sounding machines. The names of tlussc* h*gion. 
But when the industrious reader wades through the desc^riptions 
of those of Brooke, Baillic, Belknap, Ic Blanc, Ma.ss('y, Sigshee. 

^Tanner and Thomson (to take only a s(d(‘cl.ion in alplialx'tical 
order) he will find it convenient to consider only tln^ lai(*st -tJu* 
Lucas automatic sounding machine—for this poss(‘sses nuu'its 
which render it unnecessary (at least foi* our present, purpost*) 
to consider the others. In it are the charaetcuistic.s of tin* best 
type of English machinery— ^elcgancu.^ sim])licity, (Compact ne ss and 
efficiency. Its evolution is the n^sult of (commercial (*nt.(crprise. 
So long as a knowledge of the depths of tine st*a was a ptireiy 
scientific study the ability and expense exp(‘jided on (‘ffort. to 
obtain it were restricted within obvious limits. But. wlnm tin* 
acquisition of this kind of knowledges bt'ccann* a.n (H‘oiu>mi(c 
problem” invention galloped. Wlien it b(*canH* m‘cessa.ry to 
obtain an exact knowledge* of the* contour of tin* bt‘(l of the st*a 
for the purpose of laying tck'graph (.cal)lt*s, the mod{*rn s(nuiiding 
machine came into existence. When furtiucr it b(‘(*am<* a matlor 
of some considerable expense to stop an o(a*an liiu*r on hi*r vt>yagi* 
in order to obtain a sounding, the d(*pth-»indieator ” was soon 
evolvedk 

A “deep-sea” sounding may In*, reegarded as one taken in 
water of over 200 metres in depth. To make t/liis rapidly and 
exactly, and at the same time to obtain a sampl(* of tin* dt^pimits 
on the sea floor, is essential. Of necessity a V(‘ry long sounding 
line is r(3(|uired, and this must be canhul down t.o ihn bottom 
very quickly so that the line I’cmains vt*rticaL d'o do this a 
heavy sounding lead is attaclucd to the (*nd of t.lu* liiu% and 
obviouvsly the latter must be strong enough to (carry the W(‘ight. 
Yet the line tnust not be t(K) heavy for it would otluunvisc* poss(‘ss 
in itself a very considerable mass. Now a thin line nniy ho om- 
ployed which will cany the lead when thn latt(*r is d(‘S(u*nding, 

i In the depth-indicator a glass tube, open at one (»nd, in lower<‘d to the bottom. ^ 
Water riso.s into the tube compressing the air. The depth in estiiuated by tlie 
application of Boyle’s Law. 


1—2 



4 


THE EXPLORATION OF THE SEA 


[part I 


but when the line has to be hauled again its weight, plus that of 
the sinker, may conceivably be great enough to break the line. 

A further necessity of the line is that it should not offer much 
resistance to the water on descending or hauling. Again, the 
sounding machine must be so constructed as to stop automatically 
when the bottom is reached, and there must be a means of record- 
ing the length of line run out—that is the depth of the sea in the % 
place sounded. 

In the Lucas, as in all other modern sounding machines, the 
line is a pianoforte wire which is usually less than one millimetre 
in diameter. This is polished so as to offer little resistance to the 



Fig. 1. The smaller Lucas sounding machine. By kind permission of the 
Telegraph Construction and Maintenance Company. 


water in descending or hauling. The line is wound oh a reel 
from which it runs out over a wheel which has a counter recording 
the number of revolutions, and therefore the number of fathoms, 
since the diameter of the wheel is known. This arrangement is 
shewn in Fig. 1, which represents the smaller Lucas machine. 
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The recording wheel is attached to a movable arm which is 
connected with the frame of the apparatus by two coiled steel 
springs. When the weight of the sinker is on the wheel the arm 
is extended stretching the springs. This releases a brake which 
acts on the reel containing the line, so the latter runs out freely. 
But immediately the sinker touches the sea bottom the weight is 
• taken off the arm and the springs pull the latter back while the 
forward movement of the base of the arm tightens a brake which 
lies close against the rim of the reel, whereupon the latter is 
stopped. The counter is then read and the depth of the sea is 
obtained. 

The old-fashioned sounding lead of the mariner is a lead cone " 
of about 7 to 30 pounds in weight. Remember that a very heavy 
weight is necessary to carry the line down rapidly to the bottom 
and prevent the latter from being thrown into coils or kinking. 
But when we add to the weight of the sinker that of the sounding 
line there is a very considerable strain on the latter and this is 
enough to break any line of manageable dimensions when a deep 
sea sounding is being taken. It is therefore necessary to devise 
some means whereby the weight, when it has served its purpose of 
carrying the line to the bottom, may be released and fall off, when 
the latter can then safely be reeled up again. All sounding leads 
are constructed with this object and all are modifications of that 
first devised by ‘'Passed Midshipman John M. Brooke of the 
U. S. Navy.'’ I describe here the latest form, the " Sondeur 
a Clef" of the Prince of Monaco. 

This is shewn in Fig. 2. It consists of a gun-metal tube 
furnished with a stop-cock at its lower end. The handle of the 
latter is a lever which, when the cock is closed, fits into a depression 
cut in the side of the tube. When the cock is open this lever 
stands out at right angles as is shewn in Fig. 2 on the left. The 
opening of the stop-cock is of the same bore as the tube. At the 
upper end of the latter is a plunger which can move up and down 
for a short distance—the latter being regulated by a slot cut in 
the sides of the tube in which work pins attached to the plunger. 
The sounding line is attached to the plunger and on the sides of 
the latter are two notches. When this plunger falls down within 
the tube the notches sink below the rounded upper end of the 
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latter. The sounding tube itself is comparatively light and the 
weights (which may be 20 lbs. each) are slung on to the notches in 
the plunger. It is these weights which carry down the sounding 
line. Their total mass varies with the depth of water. 



Fig. 2. The stop-cock sounding lead of the Prince of Monaco. There are several 
forms and that figured is described in the Campagnes Scientifiques^ pp. 14 and 15. 
On the left the sounder is shewn descending, and just touching the bottom* 
On the right the sounder is shewn ascending. The weights have been released; 
the tube is full of the bottom deposits and the stop-cock is closed. 

When the apparatus is to be used one or more weights—cast 
iron rings—are slipped over the outer tube, and the whole thing 
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being suspended these rings are secured to the lead by means of 
a sling which passes over each of the notches in the plunger. It 
will easily be seen that when the lead touches the bottom the 
tension of the line decreases and the plunger drops within the 
tube. When the notch in which the sling is placed falls below the 
opening of the tube it releases the weights, which then drop ott 
#> and are lost. But in falling off they push down the lever of the 
stop-cock which then closes. The tube has however been pushed 
down into the sea floor and is filled with a sample of the deposit 
there, and the closing of the cock prevents this from falling out 
when the line is hauled up again. 

The water sample bottle and the thermometer. A simple 
sounding thus gives us a knowledge of the depth of the sea and also 
a sample of the deposits lying on the sea floor. A '' hydrographic 
sounding gives us a sample of the sea water at the bottom or at 
any required depth, and in addition the temperature of the water 
in situ. The water sample is to be used for the determination of 
the density, salinity, gas contents, or any other property or 
constituent of the water. There are a host of water bottles 
(Buchanan, Ekman, Jacobsen, Kidder-Flint, Meyer, Mill, Regnard, 
Sigsbee, Wille, and probably others). It will serve the reader 
best if I describe only the water bottle which is used by the 
vessels of the International Fisheries Investigations, and which was 
devised by Nansen and Pettersson. 

This instrument is represented diagrammatically in Fig. 4. It 
consists essentially of two brass rods connected together at either 
end, and between which slides an open cylinder, which is the actual 
bottle. Fixed between the lower ends of these rods is a stopper 
which can accurately close the lower end of the cylinder; and 
sliding freely on the rods above the cylinder is another similar 
stopper which can close the upper end of the bottle. Th (3 wall of 
the latter consists of four concentric cylinders of metal and 
ebonite alternately: each stopper consists of a metal cap carrying 
three rubber discs and it is the latter which fit into the open ends 
of the bottle. The upper stopper is perforated to receive a 
thermometer, and the lower one is provided with a stop-cock. 
When the bottle is about to be lowered into the sea the parts are 
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Fig. 3. A. The Negretti and Zambra deep-sea reversing thermometer. The 
messenger is lowered down the line, strikes the catch G which then lifts 
the rod E from a depression in the thermometer case. The latter then turns 
over or reverses, breaking the mercury thread in the thermometer. B. The 
most recent deep-sea reversing thermometer (Richter’s pattern). C. A Kiel 
hydrometer 
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fixed in the position shewn by means of a spring catch not shewn 
in the diagram. The whole is attached to a steel wire rope and 
when it has been lowered to the desired depth a “ messengeris 
allowed to slide down the line until it strikes against the catch, 
when the cylinder slides down the rods until it is closed by the 



Fig. 4. TheNansen-Pettersson water bottle. Some parts are omitted. are the 
stoppers; B the concentric walls of the bottle ; C the outer case of the latter ; 
D, D, Dy D the ends of the stoppers and the bottle, these parts slide on the 
brass rods R; T is the stop-cock through which the water sample is withdrawn; 
Th is the thermometer, and W the weight which carried down the apparatus. 
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lower stopper: at the same time the upper stopper also slides 
down the rods and closes the upper end of the bottle. Two spring 
catches shewn at the sides then make fast the whole apparatus. 
A sample of water at the depth to which the bottle is lowered 
thus fills the cylinder L 

The bottle therefore collects a sample of water and isola-tes this 
in a central chamber surrounded by three concentric shells of^' 
water at the same temperature as that of th(‘ sample. Idiesc 
shells of water insulate the sample, preventing the conduction of 
heat from without, if, as is usually the case in a det'p water 
sounding, the water from the deep has a temperature which is 
above that of the water strata through which tlu' l)ottle has to be 
hauled in coming to the surface. The sa,me sounding thtu-eforc 
enables us to ascertain the tem])erature of the wattu* while 
collecting a sample for further study. 

The determination of the temperature of the sea is obviously a 
simple matter when it is the surfa.c(^ layei-s which a.re Ixdng 
investigated. All that is necessaiy is to lower a. huckt't ovew the 
ship’s side, fill it, and then immerse a thermometcu’ in this. 
Obviously the sample must be colk^cted from such a situation that 
it is not contaminated by th(‘ discharge from the (mgine.-room or 
from any exit-pipe from the interior of the vess(‘l. But. when a 
temperature has to be taken from a water layer which is at some 
distance from the surface the proci‘dun‘ is much moro complicattMl. 
In the time of the OJiallenijer the only nu^atis of (ditaining this 
value was by the use of a “ slow-r(‘actiou ” tluu’mometcu*, by using 
a maximum and minimum tlnu-momehu', or by tising a, n^viu*sing 
instrument. There were inde(Kl other ingenuous methods of 
obtaining deep-sea temperatun^s, such as by tln^ (dectrieal theuino- 
meter of W. Siemens, dliis elependenl on th(‘ fact that tlu' edt^ctrical 
resistance of water varies inversely with tlu‘ i.empt‘raturt\ If them 
we balance the resistance of the wateu* in nitn with i.hat of a sample 
of water on board at a known tempeu’aturc^ by means of a Wheat¬ 
stone bridge the problem is solved. But this method demands 
delicate apparatus not easily managed in a ship tossing in 
a seaway, and as a practicable meairs of obtaining dei^p-sea 
temperatures it has now been abandotUKl Tht^ slew-reaction 

^ The water-bottle is described in detail in Piihlkathm <le Circomtame. of the 
International Council for the Exploration of the Sea, No. 21, 



THE EXPLORATION OF THE SEA 


11 


CH. l] 


thermometer was one in which a long time was required for the 
instrument to indicate the temperature of the medium in which it 
was placed. Therefore in hauling it to the surface the temperature 
did not greatly change and the time increments of change could 
he calculated. But a practical objection was the time required to 
make an observation. So this method also has been abandoned. 

<^Finally we have the reversing thermometers, and these are still 
used. The instrument of this class originally made by Negretti 
and Zambra, Fig. 3, is too well known to require description. 
We have a thermometer tube which is constructed in much the 
same manner in which a clinical thermometer tube is made, that 
is the bore of the tube immediately above the bulb is bent twice 
in an S-shaped curve and is greatly contracted at this point. In 
a clinical thermometer the thread of mercury breaks when the 
instrument is taken out of the place the temperature of which is 
desired, and when the metal contracts with the reduction of 
temperature. The mercury in the capillary tube therefore remains 
where it was. In a deep-sea thermometer in which this principle 
is adopted the case carrying the tube is reversed when the 
desired depth is attained, this being done usually by a small 
propeller in the outer frame of the instrument which revolves 
immediately the direction of movement of the machine is changed 
on being hauled, and then releases a catch which allows the tube 
to reverse. The mercury then falls to the other end of the tube 
and as that latter is graduated from this end the temperature is 
recorded. In the Nansen-Pettersson water bottle a reversing 
thermometer is usually attached to the frame of the instrument 
and is reversed when the messenger springs a catch at the same 
time as closing the bottle. But since the thermometer enclosed 
in the central chamber of the bottle takes the temperature of the 
water in situ, and since this sample of water does not change 
greatly in temperature because it is surrounded by a practically 
non-conducting material, the indications of the reversing instru¬ 
ment are only used as a check on the other. The sample of water 
obtained by the Nansen-Pettersson bottle does actually change in 
temperature as the instrument is being hauled through water of a 
temperature markedly different from that to which it has been 
lowered, but the change is very slight and can be allowed for. 
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The water bottle which I have just described is a triumph of 
mechanical sHll and it is gi’eatly to the credit of the Inter¬ 
national Fishery Organisation that it has placed at the service of 
oceanography an apparatus of such efficiency. 

It is then possible to obtain (1) a sounding at any depth of 
the sea, (2) a sample of the deposits at the bottona, (3) a sample 
of the water at the bottom, or at any desired depth, and (4) a<r 
determination of the temperature of the water at the bottom or 
at any depth. Knowledge of the density, chemical composition, 
and salinity of the water samples studied is also required for the 
statement of the physical characters of the sea in the region 
investigated. 

Formerly the important values, salinity, specifiic gravity, and 
density were obtained by means of the salinometer. The salino- 
meter is really a hydrometer adapted to the study of sea water. 
The Kiel “ araometers,’’ Fig. 8, are hydrometers constructed to 
give the specific gravity of sea water. Since they are used in 
water of very different degrees of salinity a set of six is required 
to cover the range of variation. The instrument is a double glass 
bulb. The upper bulb is long and capacious and contains air 
only; the lower bulb is weighted with lead shot. At the upper 
end of the upper bulb is a long stem in which is a graduated scale. 
Each instrument is constructed to float in water of a certain mean 
density in which it is immersed up to the middle of the scale, the 
whole thing at the same time floating freely in the liquid. If the 
density is slightly greater the araometer rises, if it is lighter it 
sinks. The readings given by the araometer are values representing 
the specific gravity of the water at the temperature at which the 
observation is made. 

The specific gravity of a sample of sea water is the number 
representing its weight as compared with that of an equal volume 
of pure water at the same temperature. The latter is usually 
called 1*000 so that the specific gravity of a sample of sea water 
may be some such number as 1*025. The density is the weight in 
grams of one c.c. of water at the temperature in situ {t°) compared 
with that of one c.c. of pure water at 4° C. It is usually expressed 
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The salinity is the total weight in grams of the solid matter 
dissolved in 1000 grams of water. 

Now sea water is a solution of a great number of different 
salts of which common salt is the most abundant. But it has 
been found that the ratio of these different substances to each 
other is always very nearly the same even if we are dealing with 
•sea water of very variable degrees of saltness. This is so because 
the sea is salter or fresher by reason of the removal of pure water 
from it by evaporation, or by the addition of water to it from the 
land, not quite pure but practically so because it becon’ies mixed 
with such an immense quantity of salt water that the ordinary 
constituents dissolved in the fresh water are immensely diluted. 
So it has been possible to draw up tables whi<;h emible us to 
convert one of the values referred to, say salinity, into atny other, 
say density. Only one determination is then required in order to 
define the character of the water sample, and this is now always 
the total contents of the water in dissolved halogens. Not only 
chlorine, but also bromine and iodine are present in solution. 
The total halogens are then estimated by means of titratioii by 
nitrate of silver, a method which is susceptible of a high (legrcie of 
accuracy, and from this value the other values—specific gravit-y 
in> situ, and density—are calculated. 

The practical procedure adopted in tlie International Fisheiy 
Investigations is as follows: the samplcj of water is obtained by 
means of the Nansen-Pettersson bottle and at the sann^ tiuui thc^ 
temperature of the water in, situ is taken. Tlie water sample is 
taken from the bottle and storcid in a ch^an glass tub<‘ or bottler 
and sealed. These samples are thtm sent ashore to bi^ worked uj). 
Standard solutions of silver nitrate having pr(wiously btien pr(‘- 
pared the titration is carried out. This is doru^ in a sptKuai burettti 
consisting of a wide glass bulb containing the grc‘aU*r jKirt of tln^ 
silver solution required for th(i titration. The/- narrow st(un of th<^ 
burette is graduated so that the estimation of very small (puinti- 
ties of the solution delivered is easy. Thu bur<^tt(‘ giv(‘s direct 
readings—that is, it indicates the amount of total haiogeii laq^e- 
sented as chlorine in the water sample (.*xamin<‘d in parts per 
1000. Standard sea water is prepared by the tkuitral Laboratory at, 
Christiania and is supplied to the W(.)rkers in tlu^ vjirious countries, 
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and this water being investigated as to its chemwal composition 
with the utmost care, is used for the standardisation of the silver 
solutions employed in the analyses. It will be seen then that 
most scrupulous care is taken that the values employed in the 
discussion of the oceanographical problems of the North-Atlantic 
Ocean are determined with very great accuracy: the temperature 
is in fact determined to 1/lOth of a degree 0., and the salinityc 
vdth an accuracy of 0*05 in 1000 parts, the density being thus 
capable of calculation to within 0*00004 These observations— 
depth, temperature and salinity—are at the present time being 
made simultaneously over the whole of the North European seas. 
England investigates the Channel, Scotland the Northern part of 
the North Sea and the Faeroe Channel, Ireland the western part 
of the Irish Sea and the Atlantic Ocean to the West of Ireland, 
Germany parts of the North Sea and the Baltic, Belgium part of 
the North Sea, Denmark the Cattegat and Belt Seas, Holland 
part of the North Sea, Norway the Norwegian Sea, Russia th(‘ 
White Sea and part of the Baltic, Sweden the Skagerak and part 
of the Baltic, and Finland the Gulf of Bothnia. The reader should 
refer to the chart (Fig. 5) of the International Fishery Investiga¬ 
tions area. The various countries make cruises once a quarter or 
oftener and the results of the analyses of the water samples 
collected on these cruises as well as the temperatures observid, 
and the principal plankton organisms present in the sea at the 
time of the cruises, are then communicated to the International 
Fishery Council and are published and discussed by the latt(‘rh 
These determinations of the physical and chemical nature of 
the waters of the seas by no means exhaust the amount of infor¬ 
mation that a study of the properties of that liquid can afford. 
A knowledge of the amounts of dissolved gases such as oxygcui, 
carbonic acid, sulphuretted hydrogen, etc., is often required. Ho 
also with the dissolved nitrates and nitrites and ammonia salts; 
the sulphates, phosphates and carbonates, the dissolved linu) and 
silicic acid. I am sure that the reader will excuse mo from a 
recital of the means of determination of these various constituents 
of sea water. I need only observe here that all arc required in 
the discussion of the problems connected with the biology of 
^ In the Bulletina des Besultats, 
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marine organisms, and that means are being, or have btMm, 
for their estimation; by no possibility an easy since all an* 

present in small quantity and some are in very minuti‘ pr«»jH>iiinns 
indeed. Then I need only refer to other physii‘al invt'sl igal ieus 
relating to the problems of the sea, such as th<* rclathm of the 
viscosity of sea water to the movenumts of miimt.(‘ organisms, nr 
^to investigation of the physical nature of the dcpesils tniauing the 
sea floor in relation to the tlnuTual reactions of the former. 



Fig. 5. Sketch Chart of the International IitvoMtigufina area ahewitif! fha 

division of the observationn between the varieun eouatrieH, i>, 

Ah England; F’, Finland; G, Oermauy; //, Holland; /, frelmui; .V, 
ii, Russia; S, Scotland; Sw., Sweden. 

Salinity and tcmperatuix^ tlu'se are tlu* projHTt Itv a 

consideration of Avhich it has boon possible to tnu-c the uinvi tuhiis 
of large masses of sea water in tlu' ari'a of tihe Norili KiU’njH'nii 
seas. But direct estimations of l,lu> diroction mid rule of lh.->,r 
movements are also possible ami have indeed hwn mad.-. Surtiie.- 
and bottom floats have been employisl in order to ascertain the 
how, the former by many investigators but. not,ably on a large 
scale by the Prince of Monaco': and the latti-r first sm-eessfall^ 

^ Sec the CampaijUi'a HcientifUiuesi^ 
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by Bidder in the North Seal Then we have several most ingenious 
pieces of apparatus devised in order to estimate the rate of flow ot 
slowly moving surface and bottom currents. The elucidation of 
the mode of action of these apparatus I leave to the reader-. 

We have considered these methods of physical observation 
since they are fundamental to any attempt to discuss what wc‘ 
may term the metabolism of the sea. We have now to consicleit' 
the methods by means of which the biology of the sea has been 
investigated. I except the laboratory methods of study of thtj 
physiology and development of marine organisms and deal he]‘(‘ 
only with the apparatus of collection. Marine creatures have the 
most diverse habits of life: some live in the mud at the bottom of 
the sea, others on the surface of the deposits there, others at thi‘. 
surface of the water, and others again at all intermediate levels. 
They are of great diversity of size, from that of a micrococcus 
(1—5 thousandths of a millimetre) to that of a large fish or ma,rin(‘ 
mammal such as a whale. Therefore our collecting appaintus has 
to be adapted to the mode of life and size of the creatures which 
it is desired to obtain. Ordinary fishing implements may he 
classified into bottom fishing instruments such as the trawl, 
dredge, line or set-net; and into pelagic implements like the 
seine-net, drift-net or tow-net. The former fish at the sea bottom 
and catch the organisms which live there, while the latter work 
at the surface or at any intermediate level and catch the animals 
or plants which live a pelagic life swimming or drifting about in 
the body of the sea. 

The dredge and trawl. The dredge. Fig. G, is the oldei- 
instrument. It consists of a rectangular iron frame which is from 



3Fig. 6. The naturalist’s dredge. 

1 Eapports et Proces-Verbaux; Gonseil Penn, Inteniat. 'Exploration do hi Mer 

Yol. VI., 1906. ’ 

2 F. Nansen, Publications de Circonstance, Conseil Perm. Inteniat. Exploration 
de la Mer, No. 34, 1906, Copenhagen. The action of these machines is very 
interesting and well worth study by the reader. 
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two to five feet in length and about nine inches to two feet in 
breadth. To this frame is attached a bag of twine nct.tiiig, the 
mesh of which is always fine, but varies of ccuirse with the purpose 
for which the dredge is intended. From either end of the frame 
an arm is fastened which passes forward and to which the dredge 
rope is attached. Only one of the eyes at the cmds of the arms is 
attached to the dredge rope; the other is attached to th(^ eye 
which is shackled t(j the rope, by a lashing of rope yarn, the 
object of this device being to free the dredge in case it may 
become fast on some obstacle on the sea boti.om. If this occurs 
the direction of strain on tlui dre(Ig(i is altered and the latter 
usually becomes free. Sometimes a bar is attached to tlni (uid 
of the bag and to this are fastimed a number <.)f swabs or 
tangles of yarn; to these many delicate objticts become fast 
which otherwise might be damaged by the accumulation ol’ debris 
in the bag. 

Even a small trawl is a more efficient instnxnumt than the 
dredge, although it may be a less suitabh^ instrmmmt for some 
purposes than the latter. In Fig. 7 1 givit tJui foim and 
dimensions of a trawl used for scientific purposes. Tlui trawl 



Fig. 7, Diagram of a small beam trawl uhccI for acientific inwstigation. 


consists of two “ irons,” stirrup-shaped contrivances which are 
joined together by a beam of wood, Tht^ hmgth of this b(.^am 
may be about 50 feet in the largest comnuu'cial trawls curried by 
fishing smacks. The fiat side of the iron rtuis on the sea bottom 


J. F. 
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and the beam is about two feet from the ground. Behind the 
beam and fastened to it and the irons is the ''headline/’ and 
connecting the lower parts of the irons is the " foot-rope/’ a rope 
which is about three inches in diameter, which is often weighted 
with iron chain, and which drags on the sea bottom, forming a 
wide bight behind the beam. To the foot-rope and headline is 
"bent” the trawl net. This is a long conical bag of strong?^ 
netting, the mesh of which varies with the size and nature of 
the animals which the trawl is designed to catch. The length of 
the net varies but it is always one and a half times or more than 
the length of the beam. About half-way between the foot-rope 
and the end, or " cod end ” of the net, are two folds of netting 
attached to the back and belly of the trawl net and inclined 
backwards towards the middle liiu^ of the latter but not meeting. 
These are the "pockets,” and tluy form a, fumud-shaped t.rap 
through which the animals caught by the? net })ass into tin*, tail 
and through which they find difficulty in passing out again on 
account of the eddies caused within the net by the water which 
docs not pass through the mteshes. The cod end is opi'U but is 

laced by a ro])e when th(i net is ])ut down. From each, of the 

irons a strong rope, the “ bridle,” passes forward and the ends of 
the bridles are “ shackled ” on to the trawl \varp or rope. 

In the hugest trawls used by fishing steamers thij beam is 
discanlcd and the ends of the net. kept a.pa,rt by two " otter 
boards,” which are heavy wooden fra.med boards shod with iron 
and about the size of au ordinary house door. To these the 
headline and foot-rope are attached. Idu*. otter boards arc so 
fastened to the two sepa-rate trawl warps, by means of which 
the trawl is towed, that they a,re inclined at an angl(3 to the 

direction of tow of the apparatus, and thus thci mouth of the 

net is kept opim. In the largCwSt otter tra,wls the length of the 
headline may bo as much as 100 f(*(^t, tlu^ foot-rope being half as 
much again. 

For scientific fishing, that is fishing with a scientific object, 
a " shrimp trawl ” is usually more suitable than the ordinary wide 
meshed fish trawl. In tlie latter the meshes are usually about 
one to one and a half inches from knot to knot, while in the 
shrimp net the distance is only about half an inch. Otherwise 
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the form of the two instruments is the same. A useful mediliea- 
tion of the shrimp trawl is the ‘'shank net,” which is ('ss(Uitial!y 
a trawl, the mouth of which is kept open by a fra.nu* of wood 
about ten feet long by one and a half fco two ieet \\dd(' and oiu' 
side of which drags on the ground. 

In a small steamer or a sailing vt'sscl the trawl is tow(‘d by a 
^'ope of hemp or steel wires which passes over tlu' i*a.il t-hrough 
towing chocks and is coiled loosely round th<‘ bollards. trawl 

rope is attached to the bollards b}" rnea.ns of a “ stopper.” dliis 
takes the strain of the tow and should th(‘. trawl <%*i(.cli on any 
obstacle on the sea bottom and be “■'brought up” the in(‘r(‘as<*d 
strain is thrown on the stopper, which tlum pn-rtus, warning being 
then given to stop the vessel and get the net loos(‘. In (bis eas<‘ 
the slack of the warp is taken in and tlie veSvS<d tlu*u sails round 
the obstacle, when the trawl is usually detacluul. 

In Fig. 9 I give a diagram of tlio arra-ngcmumt of tin' i.raAvb Ac. 
on the deck of the ship when it is in n'adiiu'ss for “shootJng.” 



The beam lies along the starboard mi), th(‘. aft-<*r iron p!'oji*cting 
over the counter and the forward iron just inside the rail, dim 
latter is lashed to a stanchion and tlm former to a small da.vit 
over which the rope is passed wht'ii tlu^ mb is iKung hanlcMl 
The bridles are loosely coiled up on deck out of tlu' way of any- 
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thing on which they might catch. The trawl rope is coiled round 
the starboard bollards and is passed aft through the towing chocks 
so that the shackle to which the bridles are attached is witliout 
the rail. A long rope, the '' head-rope has been rigged so that 





Fig. 9. Arrangement of tlio 
trawl on the deck of tlio Lanca¬ 
shire surveying fislnny steamer 
John Fell. The wlioh^ arrange¬ 
ment is one adapted for a small 
vessel such as a steam yacht, 
and involves little altt'ration of 
the deck fittings. Otter trawls 
are usually employed on yachts, 
hut since the small h(‘am trawl 
represented can be easily taken 
to pieces and stowed away out 
of sight, its use is to be pre¬ 
ferred. 


one end of this is attached to the beam near the after iron, while 
the other end is attached to the shackle: the bight of this rojxi is 
brought round to the port bollards and is coiled round these. 
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About 12 feet from the forward iron a thimble has been worked 
on to the forward bridle and through this the end of the stopper 
is passed, and this rope is then made fast to the starboard bollards. 

'' Shooting” is then carried out as follows: (1) the slack of the net 
is thrown over the side; (2) the forward iron is thrown into the 
sea and is brought up by the stopper when about 12 feet of the 
♦after bridle has gone overboard; (3) the after iron is now also 
thrown over the side and at the same time the stopper is let go, 
the net now drifts out astern and is brought up by the head-rope; 
(4) this too is let go and the trawl now is “ squared up ” as it 
drifts out astern. The trawl warp is then slowly paid out until 
the officer in charge of the operation is satisfied that sufficient is 
out to allow the net to drag nicely on the bottom. The stopper 
is then put on and the ship steams at a speed which is adjusted 
to the nature of the fishing. The whole operation is delicate and 
requires much skill and experience, not only that the trawl may 
be successfully shot—that it may not for instance capsize and fish 
upside down, in which case the whole operations are futile—but 
also that it may not result in an accident to some one of the crew 
of the trawl, by no means an improbable contingency, should the 
shooting be carried out carelessly ^ 

When the trawl is to be hauled the ship is stopped and the 
stopper is taken off. The trawd rope is then passed round the 
capstan, the latter is started and the rope is hauled in. When 
the bridles have passed round the capstan these are watched until 
the thimble on the forward one has come to the surface; a block 
is then made fast to this and the forward iron is hauled by hand, 
while the head-rope, which is attached to the beam near the after 
iron, is also hauled by the capstan. The beam comes to the 
surface, is hauled to above the level of the rail, is lowered over 
this and is made fast. The slack of the net is then hauled in by 
hand if a light catch has been made, or is lifted by a tackle if 
much material is contained in the net. Finally the latter is 
brought on deck, the cod-string is unlaced and the catch is 
shaken out. 

^ I am indebted to my friend Captain Wignall for this account of the practical 
working of the trawl net. The diagram on page 20 has also been prepared by 
him. 
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Beep-sea dredging or trawling presents difficulties of a very 
real kind. First of all an immense length of trawl rope is 
necessary to lower the net down to the depths at wdiich it is 
proposed to fish. To obtain a strong, yet light rope is in itself a 
problem. Formerly hempen rope was used, thus the Ghallengei' 
used three-inch rope of this nature. Now^adays steel wire rope is 
exclusively used, the compactness, strength and ease of stowing of* 
this being undoubted. Nevertheless the Challemjer dredged in 
3875, and trawled in 2650 fathoms. Then in deep-sea trawling or 
dredging a large and heavy ship is of necessity used, and the 
momentum of this presents other difficulties. For a small ship 
will give and take to the variable tension of the trawl rope, but in 
a large vessel a sudden movement of the latter, such as is caused 
by a sea striking her, may easily put such a tension on the trawl 
warp that the latter may part, with the loss of part of it as well as 
the fishing instrument. This is avoided by the use of the apparatus 
known as the “Accumulator” or Dynamometer. In the Challenger 
this was constructed of two strong discs connected together by 
forty cords of rubber each one inch in diameter. To each disc a 
number of lanyards were attached; one series of these were con¬ 
nected with a block which was secured to the foreyard near the 
end of this. The other series of lanyards were connected wdth a 
block which carried the dredging rope. When the ship rose to a 
sea the rubber cords in the accumulator were extended and some 
of the increased tension was taken off the trawl rope. Latterly 
strong coiled steel springs have been used in place of the rubber 
cords, and in some cases rubber pads acted as the material used to 
take the extra strain. But the management of the trawl rope and 
fishing gear in deep-sea work involves problems which are quite 
outside the scope of this work, and for some account of the 
methods involved I may refer the reader to the description of the 
fishing gear used in the Siboga Expeditionb or to the admirable 
work on deep-sea trawling in the description of the United States 
research vessel Albatross-, In deep-sea trawling the form of 

^ See Reports of this Expedition. Livr. iv, gives an account of the equipment 
of the ship, 1902. 

2 See Tanner, Bull. U.S. Fish. Coinmissiony Vol. xvi. (for 1896), 1897. This 
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the trawl is modified, and instead of the instrument described in 
this chapter a trawl frame is employed which fishes equally well 
no matter on which side it reaches the bottom, an important con¬ 
sideration, since it is exceedingly difficult so to manipulate a trawl 
in deep water that it reaches the bottom on one particular side. 



Fig. 10. The so-called “ Agassiz tra\Yl.” 


Success in trawling, even in shallow water, depends on a 
variety of circumstances, such as the length of line used, the exact 
construction and trim of the apparatus, the speed of the vessel, &c. 
Even with the same apparatus fishermen of different degrees of 
experience and skill obtain very variable results on ground which 
might reasonably be expected to give uniform results, a considera¬ 
tion which does not receive due attention in discussions of trawling 
results applied to the elucidation of the abundance of fishes or 
other organisms on a sea area from time to time. 

In fishing with a trawl net we catch whatever is upon the sea 
floor, except of course such animals which are able to swim out of 
the trawl when once they have been caught in it. Then the net 
usually catches a larger or smaller mass of bottom invertebrates, 
weed, sand and mud, stones, &c. When the catch is unusually 
large and the net is hauled for a long time many of the more 
delicate organisms are injured or killed by the pressure of the other 
materials in the catch, although this destructive action of the trawl 
is far less than one might imagine on a first consideration of its 
mode of action. When it is desired to obtain organisms which the 
trawl might injure fishing baskets are sometimes employed, a 
method of scientific fishing which was first systematically adopted 
by the Prince of Monaco b though it is really only a modification 
of the primitive lobster basket or creel. The fishing basket or 
‘'Nasse'’ is a frame of wood or iron which may have various forms: 
that employed by the Prince of Monaco was a short triangular 
prism. It is covered with netting and in this are openings of 
various sizes, or there may be inserted baskets of different sizes of 
Richard, Les Carnpagnes ScientifiqueSj Monaco, 1900. 
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mesh. The openings are guarded by pockets or valves which 
admit the unlucky animal which is impelled to explore the 
apparatus, but refuses it exit. The basket may be baited in the 
manner of a lobster pot: it may even have an electric lamp within 
it to act as a lure to the denizens of the deep. The basket is 



J’lg. 11. Sea bottom fishing basket (from the Gampagnes Scientijlques) ; P =pocket. 
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weighted and lowered to the bottom where it remains for some time 
with a buoy attached to the end of the rope. 

Stake nets, trammel nets, lines and the various forms of fishing 
weirs or baulks belong rather to the province of the practical 
fisherman than to that of the collector. But these instruments 
have made their contribution to the accumulations of our museums 
•and to the zoological lists, and therefore deserve some notice. The 
stake net is a vertical wall of netting about three feet in height 
and several hundred yards in length. It usually forms several 
angles and at these traps may be placed. The net is supported on 
a row of wooden stakes. It is placed in such a situation that it is 
bared by the receding tide when it is '' fished.” 

The trammel net consists of three nets hanging parallel with 
one another. In the middle there is a net of small mesh, and on 
either side of this is a net which has meshes of larger dimensions. 
The three nets are placed close together on the same top and 
bottom lines. It is much higher than the stake net. The lower 
rope being weighted by sinkers and the top one buoyed by corks, 
the apparatus is sunk in the sea. Fishes striking against the 
inner net force this through the wider meshes of the outer 
ones. They are thus enmeshed, or ''trammelled.” 

Lines are set on the sea bottom, being secured by sinkers and 
buoyed at intervals. Along the length of the line arc the 
“snoods,” short pieces of cord to which the baited hooks arc 
attached. The '' long lines ” of the fishermen may be as much as 
six or seven miles in length. 

Fishing weirs and baulks are arrangements of basket or wicker 
work, furnished with pockets or traps, and set across a tidal 
channel or gutter. The action of these apparatus is very simple. 
Fishes or other animals are carried against them by the tide and 
are caught in the meshes or pockets. 

Pelagic fishing apparatus. The forms of fishing apparatus 
which we have been considering catch animals which reside at or 
near the sea bottom but are not adopted for the capture of those 
which lead a pelagic life—that swim about at the surfaces or at 
intermediate levels. It is true that the trawd may be used for the 
capture of pelagic fishes; thus quite recently steam trawlers have 



26 


THE EXPLORATION OF THE SEA 


[part J 


used their otter trawls for the capture of herring, by so 
lating them that the nets sweep through the water before 
descending to the bottom, or fish a considerable part, o{ t^he sea 
while being hauled. But as a rule quite different kinds of fishing 
apparatus have to be employed for the capture of pelagic aiuinaLs. 
The drift net and the seine employed in the Firth of Clyde for 
the capture of herring are commercial fishing instruments and are" 
little used for scientific investigations. The drift net is simply a 
vertical wall of netting of great dimensions which is allowiai to 
drift in the sea near the surface. Fishes striking aga.inst- it are 
enmeshed, since the diameter of the meshes is less than t,he 
average diameter of the body of the fish. The seine md, ns<‘<l in 
Loch Fyne is a large net which is “shot"’ round tlu‘ shoal of 
herring, and is then hauled so that it forms a huge pocket, in wliicdi 
the fish are contained. 

The tow-nets. The tow-net of the naturalist, tha.t, is l\w. 
traditional instrument, is a conical bag of some fine fabric*, such as 
muslin or silk, or even fairly coarse canvas. This bag, which is 
about three or four feet in length, is attached to a ring of iron by 
means of a wide hem or strip of some stronger mateiaal. Th«‘ end 



of the net may simply be the termination of the cone ef fabric, „r 
there may he a bottle of metal into which the catc.h of tlu' in't. is 
washed when it has been hauled. The net is towed by thnn, 
bridles which are attached to equidistant parts of the ring, and 
which are then attached to the tow rope. It is tower! at a low 
rate of speed. When the tow is completed the net is hauled, 
turned outside in and the catch, which consists of small, nsnally 
microscopic organisms, adhering to the walls of the net, is rinsed 
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off into a bottle of water and these are then studied fresh or arc 
preserved. With fine material, such as fine silk, the tow-net 
catches little and the catch is always small ‘'fry.'' This is because 
of the restricted " draft" of water through the meshes of the net. 
With nets made of coarser material more may be caught but 
obviously the catch consists of larger organisms. The material of 
ifche tow-net is thus of necessity adapted to the nature of the 
organisms which it is desired to catch. 

This is the instrument consecrated by long use, s(^ that in 
some quarters it is a heresy to suggest that it is, for the purposes 
of modem investigations, rather an inefficient form of apparatus. 
During the last few years, mainly under the stimulus of the 
International Fishery Investigations, a number of new forms of 
fishing apparatus, modifications of the older tow-net, have been 
devised in Norway and Denmark and these have led to a great 
extension of our knowledge of pelagic organisms of various kinds. 

The Heligoland young-fish trawl, to which, fortunately, the 
name of a zoologist is not prefixed, is a bag of canvas, or some 
other comparatively wide-meshed fabric, which is attached to a 
square frame of metal tubing. The opening of this fi'ame is 
72 X 72 cm., and the length of the net is 3 metres. To the under 
edge of the fi^ame is the characteristic part of the apparatus, the 



Pig. 13. The Heligoland “ Scherbrutnetz.” (See fFiss, il/eemnnO 
Kiel Komm, Abth. Helgoland, Bd. vi. Heft 1, 1904.) 


" sheering board." This is a square piece of galvanised iron plate 
which is hinged to the frame and is of the same dimensions. 
It can be set at an angle to the frame, usually 125° inclining 
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forwards and downwards, and is fixed in this position by wire 
stays. The whole is towed by six wire bridles bent to the usual 
rope. The inclined board gives the whole net a sheer downwards 
whereby it fishes in the deeper layers of the sea even near to the 
bottom, or by suitable management at any required depth. Its 
comparatively wide mesh and its easily controlled position make it 
an instrument of the greatest value for fishing for the larvae and 
young stages offish, or indeed for many other organisms of larger 
size than those usually caught by the ordinary tow-net. 

Then we have the various modifications of the otter trawl 
devised by the Heligoland, Norwegian and Danish naturalists. 
I leave the reader to puzzle out for himself the synonomy of these 
instruments. One is a long conical bag of hempen net wliicli is 
bent on to an iron ring. The net is about 5-| metres long, and the 
diameter of the ring about 2^ metres. It is tow^ed by three bridles 
and a steel rope, and is kept at the surface or at any depth by 
a float. A modification of this apparatus is a larger net conical 
in shape, wuth a rope ring to keep it open, to which are atta,c]\ed 
three otter boards from which three bridles pass to a steel warp. 
These three otter boards keep the mouth of the net opcm so that 
the opening is a triangular one of about 50 to 100 square metres. 
The length of the net is about 30 metres. 

Finally we have the young fish trawl used by the Daiu^.s. 
This is a pelagic otter trawl differing from the parent instrument 
mainly in its size and in the fineness of the mesh, which is adapted 
to catch organisms of the size of very young fishes. All thc^se 
instruments differ from the old to%v-net (1) in their gnsitcu’ size, 
(2) in their wider mesh whereby they are enabled to catcli the 
larger planktonic animals, and (3) in the ease whereby they can 
be made to fish at different levels in the sea. Some consideration 
of the literature of the International Fishery Investigations will 
shew that it is by means of these instruments tha,t very important 
additions to our knowledge of the life histories of fishes liave bi^en 
made, additions that we should probably still be waiting for had 
we possessed only the old tow-nets as means of investigation. 

All the fishing apparatus I have described are to be character¬ 
ised as qualitative apparatus, adapted only for the purj)()st*. of 
ascertaining the presence and distribution of marine organisms. 
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Forms of fishing gear capable of giving quantitative results do 
exist but the consideration of these will occupy us further on. 
In the present chapter I have dealt with the exploration of the 
sea so far as this may be studied by the exact methods of physical 
and chemical science; and with the ordinary collecting methods of 
biology, which so far aim mainly at the discovery of the forms of 
^fe which are present in the sea, and with the broader facts of the 
distribution of these. 



CHAPTER II. 


THE OCEANOGKAPHY OF THE NOKTH-WESTKRN (K'KAN> 

Tlie Britisli Islands and tHe Continental Shelf. It. is uill 
known that the British Islands are situated on an elevah'il porl.Kui 
of the ocean bed which forms a continuous cdgin|r round tho 
continent of Europe—this is the “Continental shcdf” or ‘‘Cmi- 
tinental slope.” If we draw an imaginary line round the Ihut.i.sh 
Islands which connects all places on the sea bottom where Mu' 
depth of water is 200 metres, or roughly 100 fathoms, we shall 
find that this line includes all these Isles, and that within it. the 
sea is, with the exception of two or three isolated .s])ot.s, as in t.lu' 
Channel between the coasts of Scotland and Induiul, and at. tlu' 
entrance to Loch Fyne and elsewhere, nowhere, more t,ha.n l.hat. 
depths If the sea bed round our land were raisi'd (100 feih. the 
water frontiers of the United Kingdom would di.sapptair. 

If we glance at a hydrographic chart of tin*. North-Athiiitie 
Ocean we shall find that the 2000 metre lint' forming the limit 
of the continental area is situated iit a compiirat.ively .nhort. 
distance from the coasts of Africa and Southiu’u Eurojit', ami i.s 
there at certain places no more than about bO t>r (iO miles fntm 
the coast. Out from the coasts of Oalway this line i.s very near 
the land and the ocean bed slopes very sUicply dowt\ to idy.s.sal 

1 By this term is to be uniierstooci not only the Nor ill Atlantic prop(‘i% hut also 
the Norwegian Sea, the Arctic Sea, the North Sea and the Baltic. 

^ Off “ Skate Island” in Lower Loch Fyne a sounding of 107 faihomH hiw been 
made (Mill, British Association Handbooh, Glasgow Meeting, 19h2). 'fhere is a 
depth of 149 fathoms in the deep “gutter” between Belfast L<mgh and Wigtoushire. 
Some of the Scottish inland Lochs (Loch Morar and Loch Nchh), arcs also very 
A sounding of 170 fathoms has been made in Loch Morar, which ik only about 
31 feet above sea level (Scott, Ann. Bep. Fishery Board., Hcotlaudy for 1892, Pt. iii. 
p. 221). The bottom of this fresh-water loch is therefore lower than any pari of 
the North or Lish Seas. 
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depths. It is here that we find the extreme western boundary 
of the British submarine plateau. Out west about 200 nautical 
miles distant from the centre of Scotland is the Rockall Bank, an 
elevation of the bed of the Atlantic which rises up to about 200 
metres from the surface. Between this and the British Islands 
there is a tongue of deep water which extends up to the latitude 
#f Cape Wrath. The 2000-contour line of the Atlantic basin 
curves round to the south and west of the Rockall Bank and 
reaches to within about 15° S. from Iceland. 

If we look again at the hydrographic chart we find that an 
extension of the continental shelf traverses the whole bed of the 
north Atlantic in a north-westerly direction and connects the 
British plateau with the coast of Greenland. Upon this are 
situated the Faeroe Islands and Iceland, and round these and off 
the south-west coast of Greenland are extensive banks ” or areas 
of shallow water. Between Iceland and Greenland is a wide 
extent of shallow sea; between Iceland and the Faeroes is a wide 
channel with an average depth of about 400 metres; and between 
the Faeroes and the British plateau is a comparatively narrow 
tongue of deep water—over 1000 metres in depth—which is the 
Faeroe Channel. In latitude 60° N. a narrow ridge connects the 
British and Faeroese plateaux. This elevation of the ocean bed is 
only a few miles broad, and over it the sea has an average depth 
of about 500 metres. It is the well-known Wyvill e-Thomson 
Ridge. 

Thus a series of submarine elevations join the continent of 
Europe with the island of Greenland and separates the ocean into 
two basins, those of the North Atlantic, and the Norwegian Sea. 
On each side of the Wyville-Thomson Ridge the sea bed sinks 
down rapidly to depths of over 1000 metres. To the south of the 
ridge the sea slopes rather gradually down into the depression 
between the Rockall Plateau and the coasts of Ireland and 
Scotland. North of the ridge the sea bed slopes much more 
steeply down into the Faeroe Channel and then into the Norwegian 
basin. We shall see the significance of this disposition of the 
ocean bed later on. 

It is on this shallow portion of the sea bed, practically in the 
sea within the 200-metre line, that deep-sea fishing is carried on. 
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In former times fishing was practically confined to the narrow strip 
of water within a few miles of the coast, and then grathially 
extended so as to include the North and Irish Seas. Then with 
the increasing demand for fish caused by the natural growth of the 
population, and by the increasing facility of transport, the fisliing 
area was extended. As formerly, while yet no doubts were 
entertained as to our naval supremacy, the territorial limits o# 
England extended over the seas to the coasts of the enemy’s 
countries, so now at a time when we are .still the predominant, 
fishing nation of the world, we call the shallow water off the co;isl,s 
of Iceland, Russia, Norway, Denmark, Holland, France and t.he 
Peninsula the “ British Fishing Grounds.” British steam fishing 
vessels now exploit the coasts of Iceland in the west, tlu' Whit.o 
Sea in the east, and the coast of Morocco in the sout.h. Only a 
very few years ago trawling was confined to the sea which was not, 
more than 100 metres in depth, but now the trawl is used in wat.er 
which is more than double that depth, and in a few moi’e years we 
may expect a further extension of the ai’ea within which fishing 
may profitably be carried on. 

Now round the coasts of this extensive region tlu? .s(‘a and t.he 
sea bottom present very variable physical and biological feat,ares. 
Fringing the land is a narrow strip of sea bottom whicdi is bared 
twice a day by the ebb and flow of the tides. The area of t,h<! 
foreshore varies according to the nature of the coast and t.hci d(‘pth 
of the contiguous sea. Off the coast of some parts of Englaiul it 
is very extensive and hundreds of square miles of stsa bottom ar(' 
twice in every 24 hours laid bare and again covenid. Morecaixibi* 
Bay off the coast of Lancashire, for instance, is such an evanescent 
sheet of water. The foreshore is the haunt of a host of creatures 
which form an abundant material for the fishm’uu'n. (Iregariou.s 
mollusca and Crustacea abound there, and at the t.ime of high 
water innumerable shoals of fishes find their food in th(> shell-fish 
which are the characteristic fauna of the shon; between t.ide marks. 
Outside the foreshore again is the zone of baritorial waters— t.he 
sea within a line drawn three miles from low-watcjr marks. 'I'his 
is the traditional fishing ground. Passing out from the for<'shure 
the sea bottom in some parts slopes very gradually out into deep 
water. Off the coast of Lancashire the contour line of 20 metres 
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(10 fathoms) is reached only after we get 10 miles or more from 
the land. Even if we make a traverse of the North Sea between 
the Wash and the Texel on the coast of Holland, a distance of 150 
nautical miles, we do not find water which is more than 10 fathoms 
in depth. In such parts of the sea the sandy foreshore is continued 
out as a flat sandy sea bottom underneath shallow water. In 
^ther places the coast-line descends more or less precipitously into 
the sea and we find a rocky shore covered with sea-weed. Passing 
out to sea from such a shore we soon encounter the '' Laminarian 
zone,” the portion of sea bottom covered with the giant fronds of 
the sea-weed Laminaria, and affording shelter for a varied 
assemblage of marine animals. 

Sea bottom deposits. Outside the narrow region (ff* coastal 
waters, the extent of which depends on the steepness of the 
continental slope, we come upon a sea bottom which is much less 
prolific in life than that which we have been considering, and the 
nature of which is very different. From the coast-line out to the 
edge of the continental shelf, at a depth of 200 metres, we have 
the region of the “terrigenous” sea bottom deposits. Near the 
land where the sea deepens rapidly, and over wide areas such as 
the North Sea in its southern portion, and the whole of tha Irish 
Sea with the exception of the deep “ gutter ” between tin" C(mst of 
Ireland and the Isle of Man, the sea bottom consists of boulders, 
gravel and sand, all materials which result from the detrition of 
the land and the erosion of the coast-line. Sand and mud arc 
carried in suspension by the water or are rolled along the st‘-a floor 
by the action of tides and currents and arc laid down evenly, 
forming flat areas of sea bottom with shallow inequalities or 
channels. Finer particles of mud are carried further and are 
deposited at a greater distance from the land. We find therefore 
that as we pass out beyond the edge of the continental shc‘lf the 
bottom deposits become finer and finer until we reach in deep 
water the area of the terrigenous blue and green muds. But while 
such materials resulting from the waste of th(^ land are, generally 
speaking, characteristic of the sea deposits within the 2()0()-metre 
line we yet find others which have a different origin. These are 
the “Benthic” deposits. While the terrigenous sea floor has in 
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its chemical composition a preponderance of silica, this mineral 
constituting from one-half to two-thirds of its weight, those 
benthic deposits are characterised by their abundance in^ lime. 
Calcium carbonate constitutes from one-half to two-thirds of their 
weight. They consist largely of the broken down and com¬ 
minuted remains of the skeletons of such animals and plants as 
form calcareous shells or skeletons. These are corallines or 
calcareous algae, corals, echinoderms such as starfishes, sea-ui chins, 
&c., polyzoa, the spicules of calcareous sponges, and the shells of 
mollusca and Crustacea. When these animals and plants die their 
remains form the sea floor, or at least a considerable pait of it in 
some localities. In speaking of the terrigenous deposits which are 
characteristic of the sea bottom within the 2000-contour line we 
must include these benthic or ^^neritic’’ deposits which are not 
derived from' the land, but from the bottom-living animals whicli 
inhabit this region to a greater extent than that undcrnc^a.th 
deeper water. (See Appendix.) 

The term “pelagic"’ was first applied to the deposits of the 
ocean floor in the deeper parts of the ocean and at a great distance, 
from land. Outside the 2000-metre line the nature of the S(‘a 
floor is strikingly different from that within the continental area. 
While the remains of animals living on the sea bottom do indeed 
occur, these are not abundant and do not constitute a notable 
proportion of these deposits, and the only material composing 
them which has a terrestrial origin is such as has been derived 
from the material discharged during volcanic eruptions. Pumice 
firom such a source finds its way into the sea directly or after 
carriage by rivers, and after floating on the surface of the sea 
becomes water-logged and sinks to the bottom there to undergo 
decomposition. Volcanic ash too is carried in the atmospheric and 
finally may fall on the sea and sink. These substances occur in 
the muds or oozes which form the floor of the deep oceans, but 
mud or sand derived from the detrition of the land is not found 
there. Instead we find a material which is almost entirely derived 
from the remains of the animals and plants which live in tlui body 
of sea water extending from the surface down to the bottom. 

At a limited distance from the land and still within the limits 
bounding the area of the terrigenous deposits may be found the 
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Pteropod Ooze, a substance wliich is charact,iTis(^(l ])y Mi,, pr,,- 
ponderance of the shells of PterojKitls, pidagic (lastcmpoda. which 
live at the surface of the sea in groat shoals. Prou, abouf. lOOO to 
3000 metres is the depth of sea in which Pi,crop,id o.,zc is i;,„„d, 
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calcareous skeletons of the numerous species of foraminifera which 
inhabit the upper layers of the sea. Its average range in depth is 
from about 3000 to 5000 metres and at those depths Atlantic and 
Xorwegian Oceans are alike carpeted by this deposit. 

But beyond a depth of about 5000 metres the^ remains of 
organisms possessing a calcareous skeleton form but an insignificant 
proportion of the oozes on the ocean floor. It takes so long a time, 
for these fragile remains to fall through water of this depth that 
before reaching the bottom they are almost entirely dissolved. 
Siliceous deposits take their place. Of such nature is the 
Radiolarian Ooze which is found at greater depths than 5000 
metres. The Radiolaria are Protozoa which secrete a siliceous 
skeleton, and which inhabit nearly all layers of the sea. Whcui 
they die their bodies sink to the bottom and while the soft parts 
decompose slowly and disappear the siliceous remains accumulate 
to form a deep-sea deposit. 

Beyond the limit of depth of the radiolarian ooze we find the 
Red Clay which lies in the great abysses of the ocean. AVhile 
some part of this deposit is formed by the remains of living 
creatures it is nevertheless a substance which is mostly fiuaned 
from inorganic material. We have seen that pumice and volcanic 
ash may be carried over wide tracts of ocean surface and that this 
material finally becomes water logged and sinks to the sea bottom. 
This is the origin of the red clay. At the profound depths in 
which it is found almost all organically formed material has 
disappeared from the deposits, being dissolved by the sea ^vater 
or perhaps broken down by the action of marine bacteria—a mode 
of action which conceivably may accoum} for the disappearance of 
much of the silica and lime which must reach the sea floor from 
the upper layers as the skeletons of marine organisms. 

In addition to these substances composing the oceanic bottom 
deposits there are of course many others. None of them are pxire, 
but each shades off into the others under various conditions and at 
various depths. Other formations also occur, such as the well- 
known Diatom Ooze of the Antarctic. At an average depth of 
about 4000 metres there is a wide band of soft white ooze 
covering the sea bottom between the parallel of 40° S. and 
extending to the Antarctic circle and completely surrounding 
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the southern hemisphere. This band has an area of over ten 
millions of square nautical miles. The material composing it has 
resulted almost entirely from the siliceous shells of diatoms which 
live in enormous numbers at the surface of the antarctic seas, and 
which dying, sink to the bottom, where their skeletons accumulate. 
Then too in all these oceanic oozes other substances are found. 

over the deep basins of the oceans there are found the teeth 
of sharks and ear-bones of whales, these being the only parts of 
the skeletons of these creatures which withstand the solvent action 
of the sea water at the great depths in which they are found. 
In the Norwegian Sea there occur the dense calcareous otoliths or 
ear-bones of various teleostean fishes. All over the sea bottom 
are found the peculiar manganese nodules which were first 
described during the famous voyage of the Challenge?'. Finally 
it has been recognised that in the deepest parts of the sea there 
are particles in the oozes which have an extra-terrestrial origin: 
particles which result from the combustion of meteorites entering 
the atmosphere from without. These should of course occur in 
the deposits of all depths, but in most their presence is masked 
by the preponderance of other substances, and it is only in the 
deposits of the very deep basins, which are formed with extreme 
slowness, that they can easily be recognised. 

In the North-Atlantic Ocean the temperature of the water 
varies from place to place very notably, these variations being 
determined by a very definite circulation of the water on the 
surface and at some depth beneath this. A glance at a chart 
shewing the surface isotherms, such as will be found in the 
Challenger Reports, will illustrate this variation more clearly than 
any amount of description. It will be seen that the mean annual 
temperature of the surface varies from about 4° C. at the Arctic 
circle to about 29° 0. in the region of the equatorial stream (Lats. 0° 
to 30°). Further it will be seen that the isotherms do not run in 
a direction parallel with the lines of latitude, but are bent north 
and south in a way which is at first very puzzling but is very 
easily explained by a consideration of the facts of the water 
circulation. Roughly speaking there are three wide belts or 
regions, (1) the region of the equatorial stream where the mean 
annual temperature of the surface is about 29° C., (2) a wide 
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irrc^ulRF iDand. bctwcGii ttiP 6(][iicitoriiil strGRiii rG^ion cind Itxtitudc 
47° where the mean annual temperature varies froin29''C. to.15*5" C., 
and (3) a region extending from the northern limit of (2) to within 
the Arctic circle where the mean annual temperature varies from 
15*5°C. to 4*5°C., this latter area including the British Islands. It 
will also be apparent that the isotherms do not run paralk^l with 
the lines of latitude, even roughly in such a way as wo sec* is the 
case in south temperate seas, but north of latitude 40'" are bent to 
the north-east, and south of this parallel are less strongly Ixmt to 
the south-east. This disposition is due entirely to the intliumcc* of 
the Gulf Stream and the north-easterly drift of Atlantic wa(.(‘r, and 
to the much less abundant southerly flowing polar stream whit^h is 
evident on the shores of North East America. 

In the North Atlantic, in the axis of the Gulf Stream drift. W, 
from Ireland, the annual range of temperature is 5° C, This is 
naturally much less than is observed in the shallow sea,s su(‘h as 
the North, or Irish Sea, where the cooling and heating oi‘ tlu^ 
land, and the entrance of water from rivers, have a great (Tfect, on 
the temperature of the sea. In the North Sea we have (‘xt.rtoiu^. 
yearly variations of 2° C. to 17'’ 0., and in.the Irish Sc^-a of 3' (.1 to 
18° C. Where there are shallow shores, and sti'oug ti<les, t.lu‘ sc^a 
off the land may be strongly heated or cooled; for a.s tht‘ foreshore 
is laid bare by the tide it is heated or cooled, and watcu* flowing 
over it is distributed by the tidal currents. 

Quite another series of variations arc to bo obsiaua^d if wt^ 
study the vertical distribution of the temperature of t.!u‘ sea. 
This may be done by making “hydrographical soundings” in t.lu^ 
manner described in the last chapter. Wn have hhvu that an 
elevation of the ocean bed extends across from Scot,lan<l to the 
Island of Greenland, and this ridge forms a “barrie.r” whieli is (vf 
the greatest significance in the vertical distribution of thi‘ tmnpcu’a- 
ture of the sea. On one side of this baiTior the sea sIop<‘s d<avn 
into the depths of the Atlantic Ocean, and on the other it (h^eptnuH 
to form the basin of the Norwegian Sea. Within comparativtdy 
short distances of the Wyville-Thomson Ridge we find that the 
Atlantic has a depth of 3000 metres, while in the Norwegian Sea 
there is an extreme depth of about 3700 metres. Water curnuits 
tend to flow along deep depressions and we find that the Wyville- 
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Thomson Ridge acts as a barrier to the flow of warm water from 
the Atlantic into the Norwegian Sea, and conversely to the flow 
of cold water from the Norwegian Sea into the Atlantic. Fig. 15 
represents a series of hydrographic soundings on the surface of the 



Fig. 15. Hydrographic section over the Wyville-Thomson Ridge, in the direction 
of the axis of the Faeroe Channel. (From Rap^. et Proc.-Verh.; Cons, Perm. 
Int. Explor. Mer, Vol. iii. p. 6, Appendix G, 1905). Shews the distribution 
of temperature. 

ridge and on either side, and shews the effect of such a barrier on 
the flow of an ocean current. At the surface of the sea the water 
temperature is 8° C. to 11° C., and at the bottom on the top of the 
ridge it is from 2°C. to 4°C. But it will be seen that whereas on the 
Atlantic side the temperature at a depth of 450 m. is 8° C., on the 
Norwegian side at a corresponding depth the temperature is 0° 0. 
At this place we have a double flow of water: at times cold water 
from the Norwegian Sea tends to pass over the ridge from the 
north, while Atlantic water at a much higher temperature is 
continually passing over it from the south. But only those layers 
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which are above the level of 400 m. from the surface pass over tlic 
ridge. 



Fig. 16. Similar section. Shews the distribution of water of various 
degrees of salinity. 


On the Atlantic side the temperature of the sea is highest at 
the surface and then falls rapidly for the first two hundred metres 
until we reach a kind of boundary between the variabk} warm 
water at the surface, which is considerably influenced by the 
seasons, and that lying on the sea bottom. From, this level the 
sea cools less rapidly down to a depth of about 1000 metres and 
then it cools very slowly down to the bottom where there is 
a temperature which does not vary and is about that of the 
freezing point of fresh w^ater. On the Norwegian side the con¬ 
ditions are very different. There is a surface stratum which is 
about 600 metres from the surface and in which variations may 
occur, the temperature ranging from 1*5° C. to about 8°C., but 
below this the water has a uniform temperature which is about 
0° C. while in the deepest parts it is as low as — I'S"" C., lower than 
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any other part of the ocean bed of the world with the exception of 
a place in Bransfield Sound in the Antarctic where a temperature 
of — 1-6° C. has been observed. 

Colour and transparency. Over this area another physical 
difference is that of the varying distribution of light both at the 
Surface and in the deeper layers of the sea. If we attach a white 
disc, such as an enamelled iron plate, to the end of a sounding 
line and lower this into the sea we find it disappears at a variable 
depth, which depends for the most part on the amount of mud or 
fine inorganic particles in suspension in the water. Where these 
are not present differences in the transparency of the sea depend 
on the colour of the water and on the amount of the planktonic 
organisms in it. In the turbid waters off the coast of Lancashire 
such a disc may disappear at a distance of a few feet if we make 
the experiment during the time of strong spring tides, or at 
a time when strong wunds are prevalent. Even in the most 
favourable circumstances, that is during fine weather, in brilliant 
sunlight and at some considerable distance fi’om the land, it is 
seldom that a white object can be seen at a greater depth than 
20 metres (10 fathoms). In the Lake of Geneva a lighted electric 
lamp can be seen at a depth of 38 metres, in the Pacific Ocean 
a white disc may be seen at 40 metres. The most transparent 
waters are those of the Mediterranean, where the maximum 
translucency of the water is estimated at 45 metres. With these 
differences in transparency there are also differences in colour. 
The Baltic is dirty yellow, the North Sea is greenish and the open 
seas are green to blue. 

Fol and Sarasin investigated the penetration by light of the 
water of the Lake of Geneva by means of photographic plates. 
These were enclosed in shutters and lowered into the water to 
variable depths, and the shutter was opened by means of a 
'' messenger ” or some similar contrivance. It was thus found that 
at a distance from the surface of 170 metres the plates were 
affected, but it was estimated that the intensity of the light could 
not be greater than that of a dark moonless night. Similar 
experiments carried out in the Mediterranean gave a depth of about 
400 metres as the limiting one: below this light, as the human 
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eye perceives it, is entirely absorbed by the overlying layers of sea. 
We may conclude then that at an average depth of about 200 
metres profound darkness reigns. But this does not exclude' tin.' 
possibility of some degree of perception, by abyssal atnmais, of 
radiations from the atmosphere, although this may be of such 
a nature that our eyes would not be affected it. 

At the bottom of a deep sea uniform conditions obi.a.in. The 
bottom is a flat plain with few inequalities, for thos(^ ludicari'd by 
the sounding machines are slight compared with those we know 
on the land, and though precipitous declivities must ocaair tlu'sii 
are very exceptional. The sea bottom is composed of soft s(‘mi- 
fluid oozes into which objects must easily sink. A uniform 
temperature which is that of the freezing point of fri'sh wat.t'r, or 
only a degree or two above this, obtains. Brofomid or absolut(' 
darkness, broken only by the light of some phosphon'scjt'ut cr(‘a,tm*o, 
is there. Daily or seasonal changes never occur an<l aJmosi. 
absolute uniformity of conditions reigns. Add i.o these t!u‘ 
enormous pressure of the overlying water, which is abiait* (Uu* 
atmosphere for every ten metres of depth, and wi‘. have (*ondi{.ions 
in which it is almost incredible that life as we know it can ewist.. 

The water circulation. To complete this sket<di of the ect'aim- 
graphy of the North-Western Ocean we have now to consider tlu^- 
circulation of the sea water. Wc have sihui that, t<‘mpera.{-un' 
observations give indications of considerabh^ movements of tlu' 
waters of both the Atlantic and Norwc'gian ocu'ans. It is indtH'd 
by indirect methods that these have Ix'.en tracc'd. Direct obser¬ 
vations of the movements of the water both at th<‘ stirfact* and at 
the bottom have been made, and many ingenious forms of appara.tus 
have been devised for this purpose'. But tlu' ■main facts of tlu' 
circulation of the North-Atlantic Ocean have' Ih'c'n maeh' ont by 
practically simultaneous observations of the*. t<tmp('ra,ture and 
salinity of the sea currents over wide areas. A knowh'dge of these' 
two important characters of sea water enabli's us to ehdH'rmim' with 
some degree of certainty from what area the.' wateu' has be*i‘u 
derived. The salinity is the total amount of diasolve'd salts pew 
litre of water: it is a number which varie's from H7 in t.he' 
subtropical Atlantic to eight in the Baltic: that is to say, wate'r 
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in the region of the Atlantic Equatorial Stream contains about 
37 grams of dissolved salts in 1000 grams, while in the compara¬ 
tively fresh water of the eastern Baltic this weight of water 
contains only eight grams of total salts. Generally speaking the 
salinity of the Atlantic south of the Wyville-Thomson Kidge is 
over 35, and a similar value holds for the surface of a considerable 
ptirt of the Norwegian Sea. In the North Sea the mean salinity 
varies from 35’2 to 34*6 and is highest at the entrance to the 
Straits of Dover in the south and between the Shetlands and 
Norway in the north4 In the North Sea in a line drawn from 
Grimsby to Texel the salinity is lowest, that is 34*5. In the 
Irish Sea the values for the salinity vary much as in the North 
Sea. 

Three components enter into the composition of the water ^ 
of the North-Atlantic Ocean: (1) ''Gulf Stream” water, (2) cold 
bottom water from the Norwegian Sea, and (3) fresh water from 
great rivers. Extensive water bodies retain their heat for a long 
time, and diffusion in liquids being a slow process, the mixture of 
different layers takes place very slowly. We find then that over 
wide areas the three components mentioned above may be traced 
with more or less distinctness. The density of sea water depends 
on the temperature no less than on the salinity. Thus a water 
layer at a high temperature and having a high salinity may still 
be specifically lighter than a water layer at a low temperature but 
with a low salinity. This is the case with the Atlantic stream 
which enters the Faeroe Channel. It is really richer in dissolved 
salts than the water normally belonging to the Norwegian Sea, 
but since it has a higher temperature than the latter it is lighter 
on that account, and so it flows on the surface of the cold fresher 
water until when it has cooled down it sinks beneath the surface 
and still flows on as an undercurrent. 

If a great number of observations of the temperature and 
salinity of the sea over a very considerable area be made at about 
the same time, and if these simultaneous observations be repeated 
at frequent intervals, say every three months, then a picture of the 
water circulation in the area may be made with some degree of 

^ A chart shewing the mean salinities is given by Martin Knudsen and Miss K 
Smith in Rapports et Rrocls-Verhaux; Cons. Perm. Int. Explor. Mei\ Vol. vi. 1906. 
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probability. For liquids of different density and temperature 
diffuse into each other so slowly that an extensive area of sea may 
consist of roughly defined streams or strata which only mix slowly 
at their boundaries and preserve their individuality over a consider¬ 
able extent of sea surface. A comparison of such results as they 
are indicated in the charts published quarterly in the Bulletin des 
Resultats oi%\\Q International Council for the Exploration of the Sea 
will shew that considerable variations in the extent of the sea surface 
covered by these different layers occur from time to time. These 
are indicative of changes in the situation of the water components 
of the Northern Ocean, that is to say they are evidence of a water 
circulation in this area. Similar evidence is furnished by a study 
of the microscopic animals and plants present in the water, since 
these are characteristic of the place of origin of the stream. 

We have seen that Gulf Stream water, Arctic water from the 
Polar Sea and fresh water from the great rivers of the land all 
enter into the composition of the seas of Northern Europe. The 
first of these components is by far the most important. It is well 
known that the shores of the British Islands are bathed by water 
of subtropical origin, usually called '' Gulf Stream ” water, and the 
statement that the climate of these islands is much milder than it 
would otherwise be is a well-worn one. It is quite true that 
water of subtropical origin, relatively warm and dense, does reach 
these latitudes from the Atlantic Ocean, but for a long time it lias 
been known that this water is not an offshoot of the Gulf Stream. 

The first complete investigation of the waters of the North 
Atlantic with reference to the distribution of the waters of tlie 
Gulf Stream was carried out in 1899^ when the variations in the 
temperature, salinity and plankton of the waters of the Gulf 
Stream region were investigated from the point of view of the 
distribution of the waters of this famous current. It is shewn that 
the limits of the Gulf Stream were variable but that at no time 
in the year did it reach the British Islands. If we consider the 
isohalines (lines of equal salinity of 36 to 37) we find that these 
var}' with the season. In March they reach no further north than 
the Azores, and then the sea between these islands and the coast of 

i Cleve, Ekman et Pettersson, Les variations ammelles tie Veau de surface tie 
I ocean Atlantique. 
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Africa is filled with water of less density and of lower temperature. 
From March to November the Gulf Stream area expands greatly 
in a north-easterly direction and in the latter month has 
approached the coasts of North Africa and Southern Europe, and 
at the same time there has occurred an expansion of the area 
over which tropical plankton may be found. Then from November 
t<i the following March the stream regains its former volume. 
Issuing from the Gulf of Mexico the Stream extends out into 
the North Atlantic in a north-easterly direction but curves round 
again to the south, forming a closed eddy of gigantic proportions. 
In the centre of this eddy is the Sargasso Sea, a streamless region 
filled with water of high temperature, and on the surface of this 
float sea-weeds among which are to be found fishes and other 
marine animals. 

In some way or other a drift or current of water takes origin 
just north of the Gulf Stream eddy and this is the stream which 
reaches the shores of Great Britain and Scandinavia. Towards ^ 
our latitudes the salinity and temperature decrease but the former 
is not less than 35*5, and off the western coasts of Great Britain 
the mean annual temperature is from 10 ""C. to 13° C. It is often 
suggested that the cause of this drift is the prevalence of south¬ 
westerly cyclonic storms which reach our islands, and while this is 
no doubt a contributing cause of the movement of the water it is 
also probable that complex thermodynamical causes are at work. 
But however this may be it is the case that a conspicuous drift of 
water from the subtropical Atlantic bathes the shores not only of 
Great Britain and Scandinavia but also those of Iceland, and tills 
up the deeper parts of the Baltic and Barentz Seas. This is the 
European Stream. ■ 

Now notice how the flow of this current is restricted by the 
configuration of the ocean bed. The stream flows along the 
deeper channels and depressions and fills up all the sea to the 
south-west of the British Islands. It enters into the Bay of 
Biscay and from there flows towards the English Channel and 
through this into the North Sea. The main bulk of the stream 
then flows to the north-east and impinges on the submarine 
barrier which is formed by the Wyville-Thomson' Ridge and by 
the Faeroese-Icelandic banks. South-west of the British Islands 
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the Atlantic from the surface to the bottom is filled with water 
which is relatively heavy, and a very deep layer from the surface 
downwards is comparatively high in temperature. But encounter¬ 
ing the Scotland-Iceland barrier the lower part of the stream is 
arrested and only the superficial layers flow on over the colder 
waters of the Norwegian Sea. Just such another barrier exists in 
the barrier which is present at the Straits of Gibraltar. This 
rises to comparatively near the surface and arrests the flow of 
Atlantic water of deep origin. Only superficial Atlantic water 
enters the Mediterranean, flowing over an undercurrent of warm 
water which passes out into the Atlantic. Down to great depths 
the temperature in the former is 12'' C. to 13° C. 

A glance at the chart on p. 47 will shew the further course of 
the European Stream. This is the first chart which was con¬ 
structed from simultaneous salinity observations in the Atlantic, 
the North and Norwegian seas, and it appears that it is not quite 
typical of the conditions usually occurring. It shews that Atlantic 
water enters the Norwegian Sea over all the banks between 
Shetland and Iceland. It is the case that the stream flows as 
a very general rule only through the Faeroe Shetland Channel. 
In 1896 we have what is apparently a maximum extension of the 
Atlantic flooding of the Northern Ocean. It Avill be st^en that warm 
and high-salinity water covers a large portion of tlu? Norwegiaai 
Sea. It has encroached on the ice barriers round Gr<M 3 nland a<n<l 
Spitzbergen; has flooded the western entrance to the Denmark 
Strait; and finally loses itself in the Arctic oceati as far north as 
Lat. 75°, and as fixr east as Long. 50°. It has entered the North 
Sea as a surface current, and the Baltic as an undercurnmt. 

Now remember that the area covered with the watiu\s of tlu'. 
Gulf Stream undergoes periodic expansion and conti'action varying 
between 45° and 50° N. Lat. and that water of comparativc^Iy high 
salinity and temperature must be banked up in tlu^ Atlantic 
Ocean at these latitudes, displacing water which was previously 
there. Eemember too that this gigantic pulsation of tlu‘. Gulf 
Stream occurs once a year; that the maximum (expansion of the 
eddy occurs in November and minimum contraction in March. It 
must follow from these conditions that the volume of the Europimi 
Stream, which depends on the banking up in the Atlantic of wat(T 
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from more southerly latitudes, must vary with the season. This 
is actually the case. There is indeed a uniform flow of Atlantic 
water over the Wyville-Thomson Ridge—uniform in the sense 
that it is continuous—but if we study the appearance of the 



Pig. 17- The North-Western Ocean shewing the European stream and its 
offshoots.* From Pettersson, Rapp. Proc.-Verh. Tol. in. 1905. 


stream in its remote ramifi.cations, as in the North Sea, the 
Skagerak, or in the Barentz Sea we see that yearly pulsations, 
analogous with those which occur in the Gulf Stream eddy, do 
really take place. The most curious proof of the correspondence 
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of the annual flooding of the Northern Ocean with Atlantic 
water is to be found in the annual rise and fall of the waters of 
the North Sea and Baltic. It is possible to dissociate the rise and 
fall of the sea due to this cause from the fluctuations in level due 
to tides, winds, &c. When this was done the water gauge.s at nine 
different places on the Dutch North Sea coast, and on the Swedish 
and German Baltic coasts indicated an annual fluctuation of the levc^l 
of the sea which could only be due to a yearly flooding of tlu'se 
waters. The rise and fall is in every case only a matter of about 20 
to 26 centimetres, but the almost exactly synchronous nature of 
the variations shewed that they were due to a common cause, which 
can be no other than the variable volume of water which enters 
these seas in the course of the year from the Atlantic Ocean. 

The North Sea receives high-salinity water from two directions. 
In the South Atlantic water enters through the Straits of I)o\-i‘i\ 
But this is only a very narrow passage and only a small volume of 
water enters here. The principal flow is round the north of Scot,- 
land. After passing through the Faeroe Channel the Noinvegian 
Branch of the European Stream, as it is now termed, is defleetnd 
by the rotation of the earth, in accordance with the law wliicli 
states that both wind and ocean currents are deflected to tile right 
in northerly latitudes. Passing then round to the north of tbe 
Shetlands the stream turns to the south and enters the North Sea. 
It grows in intensity during the winter and reaches its maximum 
in the spring, afterwards decreasing in strength. The Dogger 
Bank in the northern half of the North Sea interrupts tlu' 'flow 
of the northerly Atlantic stream so that the southern portion of 
the area receives its dense water from the Straits of Dover. As 
the spring advances these two currents gradually cover a larg(> part 
of the North Sea, approaching each other as north and' south 
tongues of water. They do not however meet, and ovau’ th(' cont.ral 
area of the North Sea the Atlantic water is mixed with fresher 
water arising from the Rhine, Scheldt, Weser and Elb.^ or p<-rhap.s 
coming from the deep Norwegian channel into which it flows from 
the Baltic. But undercurrents may pass along the dei'per de¬ 
pressions and guts on the English side and join the north and 
south Atlantic tongues. It has been estimated that such under¬ 
currents may attain a velocity of about five kilometres per day. 
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It will be seen from the churt of North-Atlontie oeean 
that a deep depression lies just off th(‘ coa»st.s oi Norway and 
Sweden. This leads into the Skagcirak. ''rin‘ Atlantic water 
coming round the north of Scotlatid Hows int.o this ehaniiol atid 
becomes banked up there by th<^ shea,ling of t,h<‘ bottom. As 
summer advances this water b(K‘onu‘s (•ov(‘r(‘(l up by lighter and 
Viarmer water, so that at tlie bottom th(‘ t(mipm-a,t.tir«‘ is fnuu 4 to 
7°C., while on the surface th(‘ temperat.un' is about 1(»' ( \ In the 
February following, while til is bottom wat<(‘r stall r(daius its Iieat, 
the surface has coohal down to 2’ tio An underema'ent 

from this heaped-up bottom stratum tlnm (mters t.lu^ balfir, where 
it produces momentous c^.ffects on tin* eourst* of tin* iisiu*rit*s. 

Finally the Norwegiaai Branch of tin* Eun^piain st.n*am rea<*heH 
as far as the. remote watm‘s of the Bari‘ntz St‘a, and enters that area 
as the so-called North Cape* curr(*nt. ‘‘ The g(‘ographiea! position 
of the North Cape current and its ramilieations is ci>nst.ant», quite 
as constant as is that of our nvt*rsC^ 

Annually the Barentz Si*a is inva,ded hy a. Iu‘a4 wa\‘t* whieh is 
the result of the increast* in the volunu* of tiu* Atlanfie waltU' 
which enters it. The sumnu'r of i.lu* s(*a, is Novt'mher; its \vin!<'r 
is June. In the latter month i.ln* tt'mperatun* of tin* l^otlom 
layer is l°C., in November it is 5* {). or mon*. This inereuse in 
temperature is due to tln^ increased flow of the Atlantic streaJiE 
which attains its maximum in the latter montlL In the Barents 
Sea the stream has cooled down so that it now flows <m as an 
undercurrent. With the Atlantic How fislu's like the* <hh! and 
haddock invade the Barentz S(*a. In Nov(‘mber the stnaim of 
genial water begins to (U*cn*as(* and void Arcti(t water takes its 
place. With this change tlui Hsh(‘ri<*s cease*. 

We see then that there^ are thn‘(‘ princ'ipal factors in the 
circulation of the water of tlu* North-Atlantic', Oc(*an. There is 
first the European Stream which Hows up from the* Atlantic 
Ocean south-west of the British Islands. Tlu*u wt* have* a much 
smaller stream of cold water wdiieh flows down from the Aniic* ns 
the East-Icelandic Polar Stnaim and which may at* timc‘s enter the 
Faeroe Channel and obstruct the How of tlu* Kuropt^aii Hi ream. 

^ Breitfuss, “ OceanographiHche Studiesn iebta- dm 
mtth. 1904. 


J. F. 
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Lastly we have a considerable volume of fresh water entering the 
North Sea from the great rivers of the Continent, and an outward 
flowing current from the Baltic Sea which consists of water which 
is always fresher than the water of the sea into which it flows. 

Now the strength of these various currents is not always the 
same. We have seen that the extent of ocean covered by tlio 
Gulf Stream eddy varies from time to time throughout the yea^*, 
being greatest in November and least in March. This is a 
periodic variation which depends on the shifting of the e(|iuitorial 
currents as the earth travels round the sun. Because of this 
variation of the area covered by the Gulf Stream eddy tli(u*e is 
in November a greater amount of warm water bank(‘d ii]) in tlie 
temperate Atlantic than in March, and as a conscHjueuce tlm 
volume of the European Stream in northerly latitudes is greater 
in the early spring than in the late autumn. This is the ptu’iodie 
variation of the Atlantic flooding of the northern seas. So also 
we have a periodic variation of the Polar current, less mark(‘d, it 
is true, than that we have been considering, but still considerable 
enough to complicate the hydrography of th(^ Nortlu'rn Ocea.n. 
Lastly we have variations in the amount of water (uit.iu'ing the 
North Sea from rivers, and variations in the strength of tlu‘ Baltic 
current, these two latter obviously depending on the nature of the 
seasons. Year by year these various currents wax and wane, and 
we expect that each of them attains its maximum strength at a 
definite time of the year. 

But there are variations in the flow of each of tht\sc^ curriuits 
which are not easily to be explained. In the case of a planet, the 
motions of which may be calculated according to our knowh‘dg(‘ of 
various laws, there are found perturbations which a.r(‘ ernmnl by 
influences which have not been taken into acc{)unt. dust, so in the 
case of these various currents, the strength and course of which 
may be expected to recur periodically from year to yc^ar, there are 
perturbations which can only be explained by assuming the exist¬ 
ence of some influences of the nature of which wi^ know luixt to 
nothing. 

When we remember that the study of the oceanic circulation 
of the North-Atlantic Ocean by reliable mcithods dates hack only 
from the beginning of the International Fishery Investigations in 
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1902 we will see how hopeless it is at the present time to attempt 
to describe the nature and extent of these perturbations, or un- 
periodic variations, much less to explain their cause by reference 
to general laws. For this purpose the accumulated observations 
of many years will be necessary. What wc do know at the present 
time only gives us elusive glimpses of the working of great causes, 
f)robably cosmic in their nature. The maximum flow of Atlantic 
water into the Norwegian Sea ought to take place at the same 
time every year if we had to deal only with such a variation 
in the extent of the Gulf Stream eddy as would be caused only by 
the revolution of the earth and the inclination of the axis of the 
latter to the plane of the orbit. But we know that the time of 
maximum flow of the European Stream through the Faeroe 
Channel may vary by a month or more. Thus the study of the 
temperature variations of the sea at the Faeroe Islands sAoWkS 
that the Atlantic flow culminated in the year 1902 in September 
instead of August, which is the month in which this should 
normally take place. There is in fact no absolute fixity in the 
time of appearance of the height of the European Stream. Tem¬ 
perature observations taken on the coast of Norway show that 
there is a two-yearly period in the variation of the tempcratui*e of 
the sea. In the even years the temperature is above the normal, 
while in the odd years it is below the normal. These variations 
can only be due to the fact that bhe flow of comparatively warm 
water into this area from the Atlantic is less in the odd years 
than in the even; that is, the Atlantic Stream has a two-yearly 
periodicity. What is the cause of this ? Another striking fact 
is mentioned by Pettersson in the paper quoted. It is now beyond 
question that the migration of the herring into the various fishing 
grounds of the North Sea depends on the presence of a layer of 
water of a certain density. That is, herrings are only ])resent 
in the sea in sufficient numbers to form a fishexy if the hydro- 
graphical condition of the water is favourable to them. Jfiit the 
temperature and salinity of the sea depend mainly on the stn^aigth 
of flow of the European Stream, in our latitudes of course. Now 
since the year 895 the winter herring fishery in the Skagerak has 
been recorded, and it is found that it has returned at inttTvals of, 
on the whole. 111 years. This is one of those isolated observations 

4—2 
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which just allow us to see, in a most imperfect way, the working of 
some complex natural law. The door is opened, so to speak, and 
then closed in our faces. That the cause of this secular 
periodicity ” is a cosmic one we can scarcely doubt; but what 
is it ? 


Climate and hydrography. We will consider later on in 
what manner the hydrographical conditions of the sea inHuiince 
the abundance and migrations of fishes and other marine organ¬ 
isms, but in the meantime some notice may be taken of the 
connection between hydrographical and climatic phenomena,. 
Every year the European Stream brings into northern seas aii 
immense mass of water, the temperature of which is greater th<m 
that of the water which is normally present in those areas. An 
incredibly great amount of heat is thus annually yielded u]) 
to the atmosphere in these latitudes. The moist and temperate 
climate of the British Islands is the result of the oceanic circula¬ 
tion we have been considering. If the North Atlantic wen* a 
streamless ocean the isothermal lines would be roughly paralt*! to 
those of latitude; the sea round the British Islands would hav(* a 
mean temperature equal to that of the sea ofi' the coast of Labrador; 
and the climate of the land would be chang*ed in a similar maimer. 
But the isothermal lines are not parallel to those of latitude*, but 
are bent up strongly to the north-east; the mean temperature of 
the sea off the coast of Labrador varies from 2" C. to 5H1, while 
that of the sea off the coasts of Great Britain is 10" C. to Ul XI; and 
the temperature and climate of the two countries vary accordingly. 
These conditions are the result of the distribution of thc^ European 
Stream which not only conveys warm water to the seas of the 
British Islands but restricts the cold Labrador currc‘rit to tlu^ 
shores of North America. 

A well-known meteorologic phenomenon is the retardation of 
the seasons in the countries surrounding- the Norwegian Sea, 
the North Sea and the Baltic. In the easteim part of Europe, and 
on the coasts of Scotland, of Ireland, and on the south and west 
of England, the coldest month of the year is January. In the 
Shetlands, the Faeroes, the Scandinavian Peninsula, &e., the sc^ason 
IS retarded and the coldest month is February. This variation in 
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the incidence of the seasons is ascribed to the fact that a gi’eat 
amount of heat is stored up in the water accumulabed in thc^ basins 
of the seas mentioned. 

If then, as is undoubtedly the case, the climate of the maritime 
countries of Northern Europe is conditioned by the ca-rriage of 
heat in the water coming from tin; Atlantic Ocean we should 
Expect to find that climatic perturbations woidd result from 
variations in the strength of the European Stream. The delay 
in the time of culmination of the current must mean the (u‘]ay in 
the winter cooling of the si;a and cons(‘(|uently to some t‘xt(;nt- in 
the cooling of the land. The ‘'odd and even years ’’ are familiar 
to meteorologists. The odd years have been, as a rule, coldc'r in 
the winter than the even ones. We have seen that the tcmip(‘ra- 
ture of the sea is lower in the winter during the odd yc^ars than 
during the even ones, and variations in the tem])erature of tlu' sea 
are analogous with those on the land. Otht^r climatic phenonuma, 
into a consideration of which we have not space to emtet', ai*e 
connected with the variations in the strength of thc‘ European 
Stream. The unusual accumulation of abnormally warm wattn* 
ill the sea round Iceland and off the coast of Norway and Spitz- 
bergeii delays the southern (;ncroachnu;nt of ice floes, and serves 
as the breeding ground for cyclonic disturbances by producing 
abnormal conditions of atmospheric pressure;. Obviously t.he 
temperature of the wind varies according as it blows oveo* a 
warm or cold sc^a surface. This is wcdl illustrat(Kl by Knudseoj 
in a discussion of the influence of the East Icelandic ])olar sti'eeam 
on the (dimatic changes in the' Fae'roe and Slu‘tla.nd Jshss a.nd in 
the north of Scotland b 

The main facts of tin; cinnilation of wate^r in tin' North Atlantic' 
basin art; those elucidatc'd by tin; hydrogra])hic wcu'k of Pt.‘t/t»c'rsson 
and Cleve, and this sbatc'.ment is basc;(l on the' ])ublisln,*d work of 
these invi'stigators. Obviously the* data art' suscc'-ptiblc' of more' 
than one; exjdanation, and since tlu; hydrographic invc'stigatiun ol‘ 
the north-wcistcTii ocean is still procec'ding it is not unlikc;ly that 
Pettersson’s thc'oiy, which I have' followc'd in this place, may 
receive some modification in the future. 
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CHAPTER HI. 


LIFE IN THE SEA. 

In 1839 Edward Forbes made the first attempt at a rational 
classification of marine organisms with respect to their physical 
surroundings by suggesting that four clearly defined zones could 
be distinguished round the shores of the British Islands, in each 
of which there was a characteristic fauna and fiora. Between 
high and low wafer tide marks was the Littoral Zone, a region 
daily exposed to the atmosphere by the withdrawal of the tide. 
Then followed the Laminarian Zone, so called from the pre¬ 
dominance of the large leathery-looking sea weed, Laminuria or 
tangle: this extended down to about 10 fathoms. Below this 
again was the Coralline Zone, a region in which the ordinary sea¬ 
weeds began to disappear and in which the nullipores, that ivS the 
Algae with calcareous skeletons, were the characteristic organisms. 
Beyond this again was a region extending down to an unknown 
depth in which vegetable life was entirely absent and in which 
animal life gradually began to disappear. Forbes thought that as 
we descend the ocean depths to the abysses organisms become 
more and more modified until in the great depths of the sea 
life became extinct, or exhibited only but a few sparks to mark 
its lingering presence.” 

This speculation was made prior to the great oceanographical 
discoveries of the middle of the nineteenth century. Darwin had 
just returned from his Beagle cruise, and Sir James Ross was 
about to sail to the Antarctic with the Erebus and Terror, 
But even then Sir John Ross had returned from the great Arctic 
voyage of 1818, and by the successful soundings which he had 
made in water of over 1000 fathoms, and by the use of the ^‘Deep- 
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sea Clam/’ had shewn that life existed even at that great depth. 
In 1839 the dredge—an instrument as valuable to the naturalist 
as a thermometer to the natural philosopher ”—was being widely 
used, but the apparatus for employing it in deep water had not 
yet been elaborated. Forbes based his speculations on the results 
of his own dredging, which was made in water which we should 
ifow call shallow/’ and since, like all men of an original turn of 
thinking, he reasoned from the observations made by himself, he 
so fell into the error of drawing large conclusions from insufficient 
data. Although he stated his beliefs hypothetically they were 
accepted widely and stated by others as dogmatically as d priori 
speculations of the time could be; and for a long time afterwards the 
deep sea was regarded as lifeless because of the apparent im¬ 
possibility of animated things living under the influence of 
immense pressure, and in the total absence of light and air. Also 
the zones of distribution suggested by Forbes were accepted 
by reason of their practical convenience, and are indeed still 
referred to in faunistic discussions. But the great voyages of the 
middle of the century and after soon extended our knowledge of the 
distribution of marine animals with respect to the depth of the sea, 
and it was by-and-by conclusively proved that there was no region 
of the sea bottom which was entirely devoid of life. 

In 1839 the dredge was the instrument of investigation of the 
marine naturalist, and knowledge of marine life was practically 
restricted to the animals which lived on the sea bottom and could 
be captured by means of this apparatus. The fishes and other 
larger animals living in the upper layers of the sea were, of course, 
known, but the incredible abundance of marine life which the 
tow-net and microscope were to reveal was then still unsuspected. 
Not until 1845 did Johannes Muller, the great anatomist and 
physiologist, begin to study the pelagic life of the sea by means of 
the examination of samples of sea water. This method of work 
was soon superseded by the use of the tow-net, and the material 
collected by this instrument at once afforded an inexhaustible field 
for systematic zoological investigation, and for the study of the 
development and life histories of the previously known bottom 
living animals. Huxley, Haeckel and many other zoologists began 
systematically to use the tow-net, and by the employment of this 
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apparatus on board the Challenger in 1873-6 an enormous advance 
was made in our knowledge of marine life. 

When to the creatures captured by the dredge and the apparatus 
of the fishermen were added those obtained by the tow-net it 
became possible to devise a new grouping of the organisms found 
in the sea. In 1887 Victor Hensen published the results of a voyage 
of exploration in the North Sea and Atlantic Ocean, and in this, 
now classical, memoir {Ueher die JBestwwiUYig des Piciiihtous oder 
des im Meere triebenden Materials an PJianzen und Thieren) he used 
for the first time the now^ familar word Plankton, replacing by it 
the older “ Auftrieb'’ of Johannes Muller. In 1890 Ernst Haeckel 
published the famous Plankton-Studien, a memoir largely 
controversial in treatment, but containing the re'sume of a wide 
experience in the investigation of the plankton of the sea. In 
this paper Haeckel invented a number of new terms to be used in 
such discussions, terms which have not all met with general 
acceptance, but some of which have been adopted. In the 
Plankton-Studien Haeckel proposed to distinguish the animals 
which are caught in the tow-nets from those which are obtained 
generally by other means. If we take a broad survey of organisms 
found in the sea and consider their habit of life we will find that 
all can be grouped in three great categories. There are first of all 
those which by reason of their minute size and feeble powers of 
locomotion are carried about passively in the sea by tides and 
currents. These are they which are caught in the tow-nets, which 
Muller called the Auftrieb, and Hensen the Plankton. Then 
there are those animals and plants which can be taken by n\eans 
of the dredge or gathered on the foreshore. Sea-weeds, molluscs, 
starfishes and their allies, zoophytes and most Crustacea belong to 
this group. They are organisms which, like the sea-weeds and 
the zoophytes, live attached to the sea bottom, or like thii molluscs 
and echinoderms live there more or less permanently and make 
few or unimportant migrations. These form the Benthos ” and 
Edward Forbes’ classification included only such creatures. Then 
opposed to both these categories are the numerous class of animals 
w^hich roam about over comparatively wide areas of sea. Such 
are the fishes, the marine mammalia and some molluscs and 
Crustacea. For the reception of these animals Haeckel, to whom 
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is due also the term benthos, coined the word “Nekton,’' and the 
term has come into general use. There is, of course, no absolute 
distinction between these three classes of organisms. That is, 
there are creatures which, like the molluscs and Crustacea, belong 
in their adult phases to the benthos, but which in the larval state 
live among the plankton; while on the other hand there are some 
aliimals, such as the fishes, which are inhabitants of the nekton 
but which are also in the young state to be reckoned among the 
plankton. Then one at times finds it difficult to say whether 
organisms, like the medusae, which are carried about in great 
swarms by tides and currents, but which nevertheless are capable 
of some degree of locomotion, are to be included in the plankton 
or in the nekton. But this lack of absolute distinction, which 
is to be felt in all schemes of classification of natural objects, 
is no argument against the use of a series of terms which are 
sufficiently exact, are expressive, and have great practical con¬ 
venience. 

Just because of this practical convenience we also still employ 
Forbes’ regions or zones, or some modification of these. They 
apply only to the benthos or bottom-living population, but every¬ 
one who has dredged or trawled recognises the variation in the 
characteristic fauna and flora as we descend the sea slope from the 
upper tide mark. Forbes’ littoral zone is the foreshore, that 
margin of sea-coast between high and low tide marks, the right 
to which has so often been the subject of vexatious litigation. 
On the foreshore we find a population, the nature of which varies 
with that of the sea bottom. The littoral zone of Forbes was 
a gravelly or rocky seashore and contained abundance of sea-weeds 
such as the bladderwrack (Fucus), the fine green weed (Entero- 
morpha), or the sea-grass (Zostera). On it, in our country, are 
abundance of shellfish like the mussels, dogwhelks (Pmpura), 
limpets and periwinkles. The acorn barnacle (Balanus) may cover 
the stones. In the rock pools are crabs, small fishes, worms, 
zoophytes and many other creatures. Such is the littoral 
zone of the collector. Bub we may find that it is a shifting 
expanse of sand or of sand and mud, and here there are none of th( 
organisms mentioned, or they occur very sparingly and an entirel 
different fauna and flora are to be found. In their place may b 
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found shellfish like the cockle with other small bivalves, or it may 
be beds of lugworms (^ATenicolci). In or on the sand and mud aie 
countless millions of diatoms, and these minute plants leplace the 
larger sea-weeds of the rocky shore. Or there may be a gravelly 
shore covered with a profusion of mussels. 

Where, as on the west coast of England, we have rapidly 
flowing tides with a large rise and fall, and a sandy coast sloping 
down very gradually into deep water, the foreshore or littoral zone 
is the region of the inshore fisherman. There, as in Morecambe 
Bay, where the contours of the banks ” and channels are always 
shifting, we have the great cockle beds, and there are miles and 
miles of foreshore densely inhabited by these gregarious molluscs. 
There too the stake nets, many hundred of yards in length it may 
be, are set on the margins of the channels. When the sands are 
covered by the flood tide fishes like plaice, flounders and dabs are 
caught in these nets and are removed when next the tide lays 
bare the sands. Here and there are the “ baulk-nets,” sti'uctun^s 
of stakes and wattles; and thehose-nets,” long cylindrical nets 
kept open by rings and furnished with pockets and into which 
shrimps are carried. When the sands are covered by tht^ tide the 
smaller boats trawl in the channels for flat-fish or for shrimps, 
while on the shallower flats, as on the sands near Southport, the 
trawl, or shank-net rather, may be dragged from a horse and cart, 
the horse wading up to its belly in the water, with a pictures<|ue, 
indolent “ farmer-flsherman ” in the cart. Men wade in the water 
pushing large nets bent on a semicircular frame of wood and 
carrying baskets on their backs into which the shrimps caught in 
the net are put. On the harder parts of the foreshore or on the 
“ scaups,” banks, or scars, are mussels, and men go down to these 
when the tide is out and pick them up. Gradually these mussels 
beds accumulate mud underneath them until by-and-by a 
gale demolishes them, rolling up the felted mass of mussels and 
mud like a carpet, and again laying bare the gravelly bed, which is 
soon repopulated by young mussels. Hordes of starfishes may 
invade the mussel beds and may totally decimate them. The 
echinoderm forces apart the valves of the shell and sucks out the 
soft body of the mollusc. On the stones of the beach are the peri¬ 
winkles, which are also picked by hand. On the sands are the lug- 
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worm beds which are exploited by the fishermen for bait for them¬ 
selves and for the seaside visitors. Everywhere on the foreshore 
except in the most desolate of localities the benthos provides 
a living, scanty though it may be, for the inshore fishermen. 

Forbes' laminarian zone is, as I have said, to be recognised 
mostly in the areas favoured by the collectors. On such a coast as 
wS have been considering the flat sandy foreshore is continued out 
to sea below the tide marks for many miles. Here we may have the 
characteristic sea-weeds. Laminaria, Himanthalia and the like, or we 
may not. There may be a stony bottom with abundant sea-weeds, 
small rock living fishes and the prawn (Pandalus), or there may be 
a bottom of sand or mud or gravel, or any combination of these, and 
these latter formations are more important economically, for on them 
may be immense accumulations of shrimps or of small flukes” 
(plaice, dabs, flounders, &c.). This is the rearing ground of 
many species of fishes such as those I have mentioned and also 
others such as the dragonets (Callionymus), weevers {Trachimis), 
sand-eels (Ammodytes), suckers (Liparis, Agonus and Lepadogaster), 
gobies, sprats and many others, while codling, whiting, and other 
young gadoid fishes may live here for a part of their lives. Fish 
life is very abundant on such sandy shallow waters. I have seen 
as many as 10,000 fishes taken in one haul of a shrimp net. 
Hordes of invertebrates also inhabit this region, the commonest of 
these being starfishes, crabs (Carcinns, Portumis, Hyas, Steno- 
rhynchus, hermit crabs and others). Small molluscs like Mactra, 
Scrobicularia, Tellina, Hydrohia and others live in the sand and 
are preyed upon by the fishes. Zoophytes, sea-weeds, sponges and 
the larger molluscs like the oyster are generally absent. 

Below this again and extending down from 10 to about 50 or 
60 fathoms is the coralline zone of Forbes. Ordinary sea-weeds 
are sparingly present in this region, but we meet with a rich 
invertebrate population. The nullipores or calcareous algae such 
as Lithothamnion are present sometimes in great abundance, while 
many species of zoophytes and polyzoa abound. In the shallower 
parts of this zone (indeed also in the laminarian zone) are the 
ascidians, the sea-squirts and the beautiful compound forms. The 
brittle starfishes {Ophiura and Ophioglypha), the hermit crabs, 
shellfish like the oyster and scallop (Pecten) and the whelks 
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(Buccinum and Fusiis) are characteristic invertebrates. Here and 
there are the feather starfishes (Antedon), and in the muddy parts 
about 20 to 40 fathoms the little Norway lobster {Nephrops) may 
abound. The polyzoon Flustvci (the sea-mat or scented-weed of 
the fishermen) is one of the commonest invertebrates of the region 
which we are considering, and with it are to be associated numbers 
of amphipods. This region is the great trawling ground of the 
British area. All over it there are fishes like the whiting, cod, 
gurnard, skate ray, plaice, dab, flounder, sole and many others, 
while in the deeper parts are the witches, turbot and brill, and in 
the north the halibut. The hake is found in the deeper water, 
but this fish is a more conspicuous migrant into our area than 
the others. The pestilent dogfishes {ScylUum and AcanthiaH) are 
everywhere abundant. All round our coasts in water down to 
about 50 fathoms in depth fish life is abundant, but below this 
depth fishes become scarcer. 

The deep-sea fauna. Forbes supposed that as we go down 
into the deep water beyond the laminarian zone life gradually 
became less and less abundant until at a certain depth, which lie 
fixed in the Mediterranean at about 300 fathoms, it became 
extinct. It is true that the shallow waters round the coasts 
contain the most luxuriant life. Kivers here bring down fresh 
water carrying in solution the food salts for the support of plant 
life, and because of this and the complete lighting of the whole 
thickness of the water layers plant life, both the larger algae and 
the minute diatoms, are most abundant here. The tidal streams, 
which are stronger near the coast, distribute this ultimate food 
material brought down by the rivers and carry it along the 
littoral waters. Life here is thus relatively abundant and a,s we 
pass out into deep water it certainly becomes less so, but to say 
that at any depth it is altogether absent is quite erroneous. Even 
to say that life is very scanty in the great oceanic abysses may not 
be justifiable, for it is an operation involving much expense of time 
to dredge or trawl in very deep water, and it is certain that but an 
insignificant portion of the sea bed at the great depths has been 
explored. The shallow parts of the sea are very well known, at 
least with respect to their benthic fauna and flora. It is hardly 
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an exaggerated statement to make when one says that there is 
not a square foot of the North Sea which has not been sounded by 
the fishermen, and certainly there is not any part of that sea 
where it is possible to trawl that has not been swept by the net. 
When one compares our knowledge of the shallow seas with that 
of the deep ocean bed, derived from the very few hauls of the trawl 
OB dredge, which have been made there it is not so certain that 
our experience justifies us in assuming that animal life there 
is enormously less abundant than in the inshore seas. Certainly 
the deep sea is not even relatively sterile. 

Before the time of the great oceanographical voyages naturalists 
thought of the exceptional conditions prevailing at the bottom of 
the deep oceans: the utter dai'kness, compared with which even 
the obscurity of a moonless night is relatively light; the enormous 
pressure which organisms living there have to undergo (in 3000 
fathoms approximately three tons to the square inch); the uniformly 
low temperature which they correctly supposed to obtain in the 
depths; the supposed stagnation or imperfect aeration of the water 
at the bottom—all these conditions pointed to the absence of life, 
and such a priori speculations could only lead to one conclusion, 
that the great oceanic abysses were regions of desolation. 

When isolated observations made before the voyage of the 
Challenger rendered it probable that the deepest recesses of the 
ocean were the abode of life, expectations of strange results when 
these were adequately explored were entertained. It was probable 
that the geological antiquity of the ocean beds was very great, 
and since conditions must be very uniform there it was imagined 
that deep-sea trawling would reveal “ living fossils,’’ animals akin 
to those which flourished during past geological epochs. Now 
while many characteristic deep-sea animals present archaic 
features—the stalked crinoids for instance—it is nevertheless the 
case that these expectations have been disappointed. The deep- 
sea fauna is peculiar, but all the same it exhibits a general re¬ 
semblance to that of shallow water. There is no deep-sea flora 
for, since light is entirely absent except for that which is afforded 
by the phosphorescence of most of the animals residing there, 
plants cannot exist. But with this exception all the groups of 
living things found on shallow water are represented. Echinoderms 
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such as the brittle stars, and the stalked feather stars whicli are 
the “last survivors of a large and important order which Hourislied 
in past geological ages,” occur, and the sea cucumbers or Holo- 
thurians are also found. Sponges form an important part of i-hc 
deep-sea fauna. Corals, zoophytes and their allies, though not so 
numerous as the sponges, are nevertheless well Represented. 
Molluscs and Crustacea in all their classes arc found. Worms j«.ni 
found in the red clay of the deepest abysses. Fish(.‘s are uniibrmly 
and relatively abundantly distributed. Generally sjxiaJcing all the 
shallow water groups have their deep water allies, but in th(‘ 
depths there are strange adaptations and bizarre forms. 
variety of animal groups present, the numbers of specdi^s, and tiu', 
curious contrivances for obtaining food all point, it has bc‘(m said, 
to the conclusion that in the deep sea the struggh^ for existtaua^ 
is no less severe than in the shallow waters near thc‘ land. Possibly 
then the abundance of life in the depths is great and (.1 hu’(‘ is 
an insufficiency of food. This condition would pro<huM‘ a st,rugglo 
for existence. 

Plants are, as we shall see, the “producers of tlu‘- soa.” 'Pbey 
alone (with some of those “borderland” creatures which havt' 
difficulty in classing) can form organic substanct^ out of inorgaiiic 
material. If then plants are absent at thos(‘ comparat.ivH‘ly 
shallow depths at which light ffiils to penetrate*, tlu^ s(‘a how (‘a.n 
the faii-ly abundant deep-sea population obtain its food ^ Obviously 
these animals cannot live wholly on each other likt^ tin* inhabitmits 
of the Scottish village who earned a living by taking in oatht 
others’ washing! Food must be convoytHl to “denizims of tin* 
deep” from some outside source, and as a ma,ttt‘r of fact* we ihul 
that the majority of the abyssal animals f(‘ed on tiln* bot,t<»m 
deposits. We have seen that with the exception of ptu'haps ilu^ 
red clay much the gTeater part of the de(*p-st*a d<‘posits is formed 
from organic remains. All the organisms which makt^ up th<* 
organic oozes live in the upper productive^. layc*rs of tiu* si‘a and 
when they die their bodies Ml to the bottom. At tlu* low 
temperature found there bacterial activity is largidy inhibited and 
therefore putrefactive processes are carried on very slowly, so timt 
for a considerable time after they reach the sea door planktonic 
organisms, like diatoms or protozoa, must retain a considemble 
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proportion of matter capable of serving as food for the deep-sea 
benthos. The abyssal deposits therefore serve as a kind of '' pap'' 
which is eaten by the bottom-living animals for the sake of the 
nutriment it contains in much the same kind of way as a lugworm 
eats the sand, or rather passes this through its intestine and digests 
and absorbs the small proportion of organic substance which the 
s^nd contains. These ooze-eating animals are then the prey of 
others, and since the deep-sea fauna is to a great extent a 
predatory one we find that many of the abyssal Crustacea are 
provided with queer organs of attack and defence: tactile, 
prehensile and alluring contrivances, all used in the effort to 
obtain food or in that of resisting the attacks of their enemies. 
Some Crustacea for instance are of enormous size when compared 
with their shallow water allies, and many deep-sea fishes have 
enormous heads furnished with great mouths armed with formid¬ 
able teeth, while their stomachs are large and the bodies and tails 
are small and fragile. Although daylight never penetrates to the 
bottom of the deep sea it is still the case that eternal darkness 
does not prevail, for many of the abyssal creatures are phos¬ 
phorescent. Fishes may have rows of luminous organs, and some 
have a kind of bull’s-eye lantern from which a stream of light can 
apparently be thrown at the will of the animal. Probably a kind 
of diffuse light is present in the deep, and at any rate animals 
may be visible by means of their own phosphorescence as they 
move about. Some are blind but others have large eyes. Associated 
with the phosphorescence are the prevailing colours of deep-sea 
animals. Glaring reds and browns prevail and generally monotones 
are the rule, and the diversified colours of the upper world are 
absent. Curious problems arise in the consideration of the mode 
of life of these creatures. How is it, for instance, that they can 
withstand the incredible pressure of the superincumbent layers of 
water? This is a question which has never been properly 
answered. Experiments with ordinary marine animals subjected 
to enormous pressures seem to shew that profound bodily distur¬ 
bance results from this. The first effect of increasing pressure is 
the excitation of the nervous system and then follows the inhibition 
of the functions of this. The animal is thrown into a state of 
coma from which it recovers if the pressure is released and if it 
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does not continue too long. These effects are produced by the 
inhibition of water by the tissues^. In what way the abyssal 
animals have become adapted to the great pressures which they 
undergo without apparent inconvenience is difficult to understand. 
The effects produced on a deep-sea fish when it is suddenly 
brought up from its habitat are well known. The intestine or 
stomach is usually projecting from the mouth and the flesh and 
bones are disintegrated by the release of pressure and the con¬ 
sequent expansion of the liquid or gas contained in the tissues. 

In the depths of the ocean the temperature is always uniform, 
and is nearly the same over vast areas. Over great extents of sea 
floor the bottom deposit is the same. Currents are very feeble. 
The composition of the water does not vary. We find then that 
in accordance with this sameness there is great uniformity in the 
distribution of the fauna. Some deep-sea species are cosmopolitan 
and many are very widely and uniformly distributed. 

The migratory fauna. So much for the benthos or bottom 
living animals and plants of the sea. We have seen that its 
constituents are the larger sea-weeds and the invertebrates. The 
nekton or actively locomotory organisms in the sea are almost 
entirely the vertebrates. These are they which can move about 
in obedience to their volitions, or in response to instincts, or as the 
reflex to physical changes. They migrate independently or in 
opposition to the currents or drifts which carry about the feebler 
planktonic species. The marine mammalia are the chief among 
the nektic animals, and these, with the great sharks, roam over 
extensive tracts of ocean and probably make cruises which arc 
comparable with those of the large ocean tramp steamers. The 
fishes are the type of the nekton. Some, like the flat-fiishes, are 
often spoken of as semi-sedentary, but it is more probable that 
even these are nearly always ‘‘ on the move.” Others like the cod, 
hake, herring, salmon and many others are notorious wanderers 
and swim over wide areas of sea. The fresh-water eel it is now 
known makes an extraordinary long spawning migration, and, as 
Schmidt has shewn^ the eels of the north of Europe migrate 

^ Eegnard, La Vie dans les Eaux, Paris, 1891, 

2 ScLmidt, Rapports et Proces-Verhaux; Cons. Perm. Int. Exp. de laMer, Vol. v. 
Copenhagen, 1906. 
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through the Baltic or North Sea or both, or through the English 
(Jhannel in order to reach their spawning ground in the North 
Atlantic south-west of the Faeroe Islands, while the comparatively 
feebl(‘, larva or Leptoccphalus makes a correspondingly long 
journey to reach the rivers into which it ascends to pass through 
its adolescent phase. The migrations of the sturgeons occasionally 
caught in the English Channel or in the Irish Sea may be com¬ 
pared with those of the migratory birds. Some invertebrates are 
also nektic animals, as for instance the lobsters, crabs, and some 
other cT’ustacea, wliich are powerful and intelligent animals and 
move about as they please. Cuttlefishes and squids certainly do 
so. Som(‘ worms may belong temporarily at least to the nekton, 
and tht‘. largo medusae, though perhaps better classed with the 
plankton, do movc^. about ‘'of their own accoi’d.” Like the benthos 
of th(^, modc‘rat(ily shallow seas the nekton varies of course with the 
locality. 

The plankton. When we have considered the organisms of 
t.h(^ btuithos and ruikton we have apparently exhausted the visible 
lif(‘ of the sea. But by far the greatest proportion of this 
nnist belong to th(‘ plankton. The mariner, it has been said, 
when he sails over a tract of sea thinks that he traverses a “barren 
wastes of waters ” through which there swims here and there an 
oc(‘,asional fish or porpoise. But in reality he sails over a “pasture, 
and beneath his ship is a wealth of life much more abundant than 
is contained in the richest or most luxuriant forest. Beneath his 
f<‘t^t may b(j a couple of miles of water and every cupful of this 
may Umn with life, and this is so even if no fishes or other large 
animals may be visible. This (mormonsly abundant life is the 
plankton, thi^ drifting fauna and flora of th(^ sea, the presence of 
which is oidy nwealed by the tow-net and microscope. Of all forms 
of marim^ biological investigation the study of the plankton is the 
most entertaining. Eciuippc^d with the tow-net and microscope the 
naturalist finds fierce a veritable “wonderland” awaiting him, 
and the varit^.ty and beauty of tht^ creatures so obtained, and the 
ever presemt possibilities of finding forms of life new to science, 
combine to mak(^ the study of the plankton a most fascinating one. 
To any one who lives near the sea the observation of the microscopic 
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life may be a continual occupation and delight. But in addition 
no department of biology presents more abstruse problems to 
those who care for such investigation. 

All the great animal groups with the exception of the highei 
vertebrates are represented in the plankton. It will be convenient 
to consider here, in a general sense of course, what organisms arc 
present, premising that there is a very considerable variation boHi 
with the locality and with the time of year when the plankton is 
observed. In the floating microscopic life of the sea there may 1)(‘ 
distinguished two categories of organisms, (1) the transitory 
plankton, that is the assemblage of forms which appear only for a 
short time and then assume other habitats: such arc the larvae 
and young forms of many of the animals and plants living among 
the benthos and nekton, obviously the place and time of appi^aranc(‘ 
of these will vary with the character of the bottom fauna ami that, 
of the nekton. Then we have (2) the permanent plankton which 
consists of those organisms which live for the whole term of ibcir 
lives in the sea as drifting creatures, and these too vary from pla(*c 
to place just as the other forms of marine life do. 

Fishes appear in the plankton in the form of eggs and larvai'. 
Though, properly speaking, they are nektic animals, they n(‘V(*r- 
theless make a very obvious part of the plankton in their ytHing 
stages and some (the skates, rays and dogfishes) belong, whiles tlu^y 
are developing, to the benthos. All the British skates and rays,Honu* 
of the dogfishes, and some other fishes, of which the herring is 
most important, lay eggs which, being heavier than sea water, sink 
to the sea bottom, and after remaining there for a ctirtairi p(‘rio(l 
of time hatch out. The herring eggs undergo a period of incuba¬ 
tion of about a fortnight, at the end of which time the young fish 
swims out into the water and takes its place among the plankton. 
The eggs of the skates and most of the dogfishes are large and art‘ 
provided with a strong capsule or shell. The period of incubation 
lasts for the greater part of a year and at the end of this time. tlu‘ 
little fish hatches out and at once settles down to its natural 
habitat on the sea floor. The empty capsule—the ''mermaids 
purse ” of the children—is by-and-by washed up on the beach b}' 
the tides and if one opens it at the right end (the right end is 
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difficult to find) he will find a guinea inside 1 Some of the dog¬ 
fishes {Acaiithias, the spur-dog, is the best known) are oviparous 
and the young are born alive, and on issuing into the sea at once 
form part of the nekton. 

But most of the other fishes of the North-Atlantic ocean 
produce eggs which are pelagic, that is they are lighter than sea 
\mter, and when they are shed by the parent they rise to the 
surface, or near to the surface, and there they drift about until the 
embryo hatches out from the shell. These have absolutely no 
powers of locomotion and they are drifted about passively by tides 
and currents, the very type of planktonic organisms. After a 
period of incubation which lasts for a variable time—one week to 
three—the larva emerges. It is at this stage one of the feeblest 
of marine creatures, and though when seen in the watch-glass of 
the planktologist it is a large and active creature, so far as 
microscopic animals go, it is carried about wherever winds and 
currents drift it. The superficial water drift may transport it to 
regions remote from that in which it was spawned, and countless 
millions must be borne into the brackish water at the mouths of 
rivers, where they probably perish, or they may be stranded on the 
shore. But after a month or so the little fish has grown con¬ 
siderably, and now ensues the period of metamorphosis, during 
which the larva takes on the adult characters and, in the case of 
most edible fishes, sinks to the bottom of the sea to pass the rest 
of its life, or, if its parent is a pelagic fish such as the herring or 
mackerel, it begins its career as a member of the pelagic nekton. 

Fishes are the only representatives of the true vertebrates 
which appear in the plankton. But there are still the ubiquitous 
Ascidians, animals which hang on to the vertebrated skirts as 
degenerate and poor relations. Such are the sea-squirts, and the 
brilliantly coloured compound ascidians which we find on the 
weeds and stones of the beach or dredge up from deeper water. 
The more primitive tadpole-like Appendicularians—“tails which 
wag heads”—are nearly always present in the plankton, each 
inhabiting its gelatinous house {Hems). These are permanent 
members of the drifting category of organisms, but the eggs of 
the other ascidians form very frequently occurring objects in the 
plankton. Fishes and ascidians—chordates in strict zoological 
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terminology, are important, though not relatively abundant con¬ 
stituents of this category of marine life. 

The Crustacea form one of the great groups of the plankton, 
just as the same animals form perhaps the predominant inshore 
benthic population. We may attribute to the Crustacea the 
siJme predominance in the life of the sea that the insects possess 
on the land. Haeckek has pointed out that the struggle for 
existence has called forth the greatest variety in form and the 
most wonderful adaptations in structure, habits and life-history 
among the insects; and that just so the no less severe struggle in 
the sea has produced an even more wonderful diversity in form and 
habit among the Crustacea. It is among this group of animals 
that we find some of the most intelligent and powerful in the sea; the 
great lobsters and crabs for instance, which exhibit a high degree 
of specialisation in their structure and in their habits. Here too we 
encounter in the parasitic Crustacea some of the most degenerate 
and degraded of animals. The crab-barnacle (Sacculina), for 
instance, is by reason of its weird life-history one of the most 
wonderful animals in existence. Crustacea are always abundant 
and are quite universally distributed in the sea. Though they do 
not possess the astonishing fertility of the fishes nevertheless they 
exhibit a greater amount of specialisation in the varieties of 
devices for the care of offspring which makes for the greater 
fecundity of the class. 

To the benthos belong the lowest group of the Crustacea, the 
Cirripedes or barnacles, and the highest, the crabs, prawns and 
their allies. All these produce pelagic larvae which take a very 
important place in the plankton. The barnacles (Balanus) which 
form so abundant a part of the littoral fauna produce incredibly 
great swarms of larvae (Nauplii) which sometimes appear in the 
plankton to the exclusion of everything else, and for a time these 
nauplii drift about and then undergo metamorphosis into the 
Cypris stage and settle down on almost any object in the sea as 
the familiar little acorn-shells. So also with the crabs and their 
relations, the prawns and lobsters: these in their adult stages are 
comparatively large animals and produce great numbers of eggs. 


^ In the Plankton-Studien. 
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The larvae which hatch out from these eggs are the Zoeas and 
these judged by microscopic standards are fairly big creatures. 
Zoeas have a comparatively long life in the sea as pelagic animals 
before they undergo their first metamorphosis into the Megalopa 
stage, and the megalopa has also a somewhat long life in this 
stage. By-and-by the megalopa, by repeated moults, passes into 
the adult stage and the Decapods then settle down to th(^ sC^a 
bottom for the remainder of their natural lives. At times the 
tow-nets may contain nothing else than the zoea or megalopa 
stages of crabs. Just so the shrimps and prawns appear also in the 
plankton in their larval stages. Other groups of Crustacea., the 
Isopods, Amphipods, Phyllopods and Stomatopods, terms which 
the unprofessional reader will understand as connoting groups of 
Crustacea distinguished by well-marked variations in structure*, 
also occur in the plankton, at times in quantity. Some aix* 
permanent planktonic animals, while others live on the sea bottom 
as adults and only appear among the pelagic life of the sea in their 
larval stages; but many others, many of the Schizopods and 
Ostracods, are permanent inhabitants of the free ocean and sluillow 
seas. 

The crustacean animals known as the Copepods arc by fai* ihv 
most abundant metazoan animals living in the sea. Some of the* 
single celled animals or protozoa may surpass them in number, but 
the importance of the copepoda in the economy of the sea depemds 
not only on their number but also on their size, and many 
thousands of some of the smaller protozoa may not have the, btilk 
of a single large copepod. The copepoda are small creatur(‘s, tin* 
average length of which in our seas may be put at about oru*- 
sixteenth of an inch. They are quite ubiquitous. It is so rar(‘ly 
that a tow-netting can be taken without including somc^ of these* 
micro-crustacea that when this occurs the planktologist t'mU 
that the occurrence is worthy of special remark. The copepods 
are for the most part pelagic in habit, but a very considerable 
group of them is found in the mud and sand at the sea bottom, 
and some have adopted a parasitic habit and live on the outsidt's 
of many fishes. The pelagic forms have as the figure shews, a some¬ 
what cylindrical body, ten pairs of appendages, two pairs being 
feelers, and a jointed tail furnished with hairs (the importance of 
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these animals impels me to this technical description). There 
are thousands of species of copepods in the sea and it is certain 
that there are hosts of new forms which have not yet been 
described. 

The Mollusca belong characteristically to the benthos and only 
appear transitorily in the plankton. Many molluscs produce larvae 
which are not pelagic, but there are others, such as the hosts of 
cockles, mussels, periwinkles, and other shellfish, which produce 
pelagic larvae which at times appear in the tow-nets. It is by 
the production of these free-swimming larvae that the molluscs 
mentioned are able to distribute themselves, just as animals which 
have a fixed habitat on the sea bottom are generally distributed 
by means of larvae which are carried about in the sea. A '' strike ” 
or settlement of shellfish such as the mussel and cockle occurs 
when the free-swimming larvae are abandoning their pelagic mode 
of life for that on the bottom. Some of the gasteropods (the 
shellfish with spiral shells) produce eggs which in many cases are 
enclosed in cocoons and do not float in the sea, but in this group 
also there are many which have pelagic larvae. There are also two 
groups of Mollusca which are planktonic animals for the whole 
period of their lives. One of these, the Heteropods, are character¬ 
istically inhabitants of warmer seas, but the other, the Pteropods, 
are most abundant in the polar and subpolar regions, and play an 
important part in the economy of the sea. These creatures, the 
winged shells (Farfalle di Mare), are usually enclosed in thin shells 
from which project two fins or vanes by means of which the animals 
are impelled by the force of the currents. It is these latter animals 
which furnish the greater part of the food of the whales. Of the 
other mollusca there remain two small groups, the Chitons and 
the Scaphopods, which are benthic, and the cuttlefishes and 
squids, which are pelagic. These latter are the most highly de¬ 
veloped and formidable invertebrates in the sea. Indeed it is only 
the sperm whales which are capable of dealing with the giant 
calamaries or squids. But they are active animals which, though 
in some cases pelagic, belong rather to the nekton. 

Among the heterogeneous groups of Worms (^Hhe cross of 
suffering for systematic zoology’’) there are only a few groups 
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which are planktonic animals throughout thinr lives. tk)nspicuous 
among thes<‘ an^ the ,‘Utow worms ASfpmW/a, &c.) which an* 

nl)i(juitous and som(‘tim(‘.s appear in the plankton to th <3 exclusion 
of all otlun* kinds of orga,nisms. Konu^ of tlu' tru(‘ worms (Chae- 
topotht) ar<' p(‘lagic dwi'lhnvs, as for insi.anca^, tln^ beautiful cnaitures 
(VHfetopterui^ iixul Toniopterin ixwd th(\se in sonu' seas are abundant. 
dMnm W(‘ ha.Vi‘ many worms which ]>roduc<‘pelagiedarva(% which for 
a time are (Conspicuous nuunbers of the ]>lankton but of little 
importa!ic(c in tln^ gemu-a-l (‘(*01101113^ of tlu^ s(‘a. 

'Tln*Eclimoderms( the starfisln‘s,s(‘a,-urchins and s(‘a.-cu(mmbers) 
art' a, nunuu-ons and vnihal marin(‘ ‘‘ ])hylHm.'' are cu\clusiv(‘ly 

marim' and no!U‘ is a,n inhabitant of fnssh water. All liv(‘ at tln^ 
s(‘a boti.om and only on(‘ or two, such as th(‘ (bmatulida.(\ and 
som(ct.im(‘s t.!u‘ common sta,rfish (whi(‘h (K‘(*asioiudl}' swims iii tlu' 
manmu' of a medusa b3^ tb(‘ rhylbmicad contra.(ctions (jf il.s arnus), 
app(*ar (‘xcepi.ionally in l.ht^ mdii.on. Ibit tb(‘ larvan of sonuc. of th(‘ 
sica-urcbins (as for insiiamce Jirln'rn)C(trfliuni containjn) an* aanong 
tin* most Insmtafid of the forms wldudi c‘an Ik* takiui by tin* tow-md.. 
Many plutiu and otlnu* larvae of e<‘hino(h‘rms may found 
among tine t.ransitory plankton, but non<c is of impori»a.nc<c in (he 
nud.abolism of tlu' s<‘a. 

The Coelenterates {j(‘lly-tislu‘H, Koophyt.es, corals, &c.) are veuy 
important pla.nki(mi(‘ groups. Tiny arc‘ animals in which tlnu'e is 
no distiind. body (*avit\% that is tln^ btuly wall is a structun^ which 
consists of t.wo laytu’s only and mudost's a sitigle (*avity which smwc's 
as a st.omach, alinnmtary canal and body c^avity, and has a single 
opeming which is surrotuuhxl by a cirelid. of tentacles as in (.he 
familiar case* of tin* common st*a"aiuunotn,*s. Tin* latt(‘r <*o(dent(*rates 
ar(*. sol it,ary animals, but t.ln* majority of tin* class live* as ejolonies 
ms in tin* case* (jf tin* zoophyte*s, in which we* have* a numb(*r of 
iiuliviehials living in nssociatien (‘omu‘ct<*d toge‘tln‘r by a common 
fiesh and all growing on a plant.-like*. skedehui; and the corals which 
also live* as eadonie‘s but whieli form massive*. limy skeded^ons which 
build <*e>uHide*rabl(* r(*t*fs and otln*r formations. In tin* case of the^se 
colonial animals the* group which is the^ unit, is formexl by the 
budding of an originally single* “Ke>id,'’ though s(*xtial reproduction 
of ceuirsi* ejcctirs among the* coe‘h*nte*,rate\s. The^se^ animals produce 
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larvae which make an evanescent appearance in the plankton ^ 
though they are, in their final phases, benthic organisms. Two^ 
great groups of coelenterates are permanent and important 
planktonic animals. The medusae are very conspicuous pelagic 
organisms. Every one who has been to sea must have seen the 
immense shoals of jelly-fishes which at times cover the surface of 
the sea. I have sailed for several miles through a shoal oiAurelm^ 
in which the separate animals were closely packed and were piled 
on the top of each other completely discolouring the sea. Then 
there are the large white “Cabbage-blebs” (Rhizostoma) which 
are at times so numerous as to form a great nuisance to the 
fishermen. The medusae swim by the contraction of their bells, 
but their powers of movement are not great enough perhaps to 
justify us in including them with the true nektic animals. 
Another group of coelenterates, which are of great interest by 
reason of the extreme beauty of some of their species, are the 
Siphonophores, of which the best known example is the Portuguese 
man-of-war. They are inhabitants of oceanic areas and generally 
of warm water. 

The Ctenophores are very common planktonic organisms. 
In our seas the “ Marble-bleb ” (Pleurobrachia) is the only very 
common species. This beautiful little creature must be familiar 
to any one who has seen a shrimp trawl hauled in our seas in the 
summer. It is very often present in the tow-nets though not 
in very great numbers, as its size prevents this apparatus from 
catching it in abundance. In warmer seas the pelagic ctenophores 
are beautiful and conspicuous objects of the plankton. 

The Protista are the most abundant of the planktonic 
organisms and by far the most difficult to study. They are for 
the most part animals of very small size and on this account they 
are not represented in the catches of plankton made in the 
ordinary tow-nets to the extent that they occur in the sea. No 
silk net has yet been constructed which will take a representative 
sample of these organisms from the sea. The protista are uni¬ 
cellular plants and animals, or they are those anomalous forms 
which fit with diflSculty into any wide scheme of classification. 
We can divide them into the Protozoa, which are single-celled 
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animals, and into the Protophyta, which are single-celled plants. 
But this division is far from being an absolute one and there are 
many forms which may be placed in either category. 

The Infusoria are Protozoa which play a more important 
part in fresh-water than in marine plankton. Most of them are 
littoral organisms living in the mud or on the surface of water 
^’^eeds. Only two groups of infusoria are of importance in the 
sea. The Flagellates are represented by Noctiluca, a protozoan 
which occurs at times in the sea to such an extent that the water 
may be, to the naked eye, visibly discoloured by it. It is the 
principal cause of the phosphorescence of the sea in some regions. 
Its distribution is sometimes peculiar; thus it occurs on the west 
coast of England and Wales in enormous shoals, which have a 
very wide distribution within the limits mentioned and occur 
during the greater part of the summer and autumn. At times it 
occurs in the inshore waters, even in the estuary of the Mersey 
up beyond the Liverpool landing stage in such masses that the 
sea may be brilliantly phosphorescent and a tow-net dragged 
through it may contain this organism to the exclusion of ap¬ 
parently everything else. 

The Peridinians, of which Geratium is the most common 
genus, are shelled infusoria provided with flagella. Geratium 
is, like Noctiluca, also a very common cause of phosphorescence 
of the sea. Allied to the Peridinians are the Oiliata, of which 
the Tintinnoidae are the most common planktonic representatives. 
They too are shelled animals, but in their manner of nutrition 
are rather to be regarded as approaching to the unicellular plants. 
Many of them are extremely elegant in form. Some are neritic„ 
or inshore forms, but many are oceanic in their habitat. 

The best known groups of the protozoa which occur in the 
plankton are the Foraminifera and the Eadiolaria. It is the 
shells of these extraordinarily numerous animals which form the 
wonderful deep-sea deposits, the Globigerina and Radiolarian 
oozes. It was formerly thought that those organisms, the 
shells of which made up the Globigerina ooze, belonged to the 
benthos, but the discoveries of the Ghallenger proved beyond 
doubt that the Foraminifera making up this deposit are animals 
which when alive live in the open sea at a great variety of depths. 
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They are distinctively oceanic organisms. Thus the Challenger 
found ‘"great banks’" of pelagic foraminifera in the equatorial 
Pacific, and indeed they occur everywhere in the open sea, 
particularly in warmer waters in “numberless myriads.” When 



Eig. 20. Plankton: Protozoa, &c. Magnified. 

obtained from the deep-sea oozes foraminifera only shew a rounded 
shell (the appearance of the well-known Glohigenna huUoides is 
now familiar to every one) but when seen in the living state the 
orgamsm is a thing of great beauty. The shell is sometimes 
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furnished with long spines and is pierced with holes through 
which the protoplasmic body of the animal is protruded. Foramin- 
ifera occur, of course, in the inshore waters but they are dis¬ 
tinctively oceanic organisms. 

The Radiolaria are also oceanic planktonic protozoa which, like 
the foraminifera, are provided with skeletons; but the latter, 
which in the group already discussed are composed of lime, 
consist of silica. The form of these shells is extremely elegant. 
Radiolaria are common in seas which contain the normal amount 
of salt, and therefore are not abundant in inshore waters. In the 
colder seas they may occur in great numbers, but the greatest 
variety of species is to be found in the warmer oceans. They 
occur at all levels in the sea and when they die their siliceous 
skeletons sink to the bottom and form the well-known Radio- 
larian ooze. The “ fabulous radiolarian treasures brought home 
by the Challenger from the bottom of the seas of the globe when 
worked up by Haeckel led to the discrimination of 4318 different 
species, and it is quite certain that many more forms of radiolaria 
remain to be described \ 


The Diatomaceae are above all the most important organisms 
in the sea regarded from the point of view of their significance 
as the producers of organic substance. The diatoms are the 
'' pastures of the sea ’’ and correspond to the “ grass of the fields ’’ 
of the land. They are quite ubiquitous and are found alike in 
fresh water, in the sea, at the surface and at the bottom of 
shallow waters, in mud, sand or on the surface of weeds, &c. They 
are true plants and are accordingly found only in those parts of 
the sea into which sunlight penetrates, though the amount of the 
latter which is sufficient for their metabolism is far less than 
sunlight in its full intensity. Like the foraminifera and radiolaria 
they occur in the sea in such incredible numbers as to form 
immense deep-sea deposits by the accumulation of their dead 
shells. Diatoms are sometimes called unicellular Algae.’’ They 
are vegetable cells containing a nucleus and a variously shaped 

1 Haeckel described 4318 species of Eadiolaria. These belonged to 739 genera, 
which again were grouped into 85 families, and these families were derived from 20 
orders, while the latter again could be derived from one common ancestral form,” 
Actissa, It seems “too good to be true.” (See Report on Challenger Radiolaria^ 
1887.) 
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chromatophore, the structure containing the chlorophyll essential 
for the metabolism of the organism. This cell is enclosed in a 
siliceous shell consisting of two valves which fit over each other 
in much the same manner as the lid of a pill-box fits on to the 
box. Reproduction is carried out by the division of the cell 
within the shell. After the cell divides two new valves are 
formed, one valve within each of the two which formed tke 
original shell of the diatom. It follows from this that at each 
division the daughter diatoms must be smaller than the mother 
cell, and further that this process cannot continue indefinitely. 
This is the case as a matter of fact. After a time the process of 
reproduction by division is superseded by a process, in the course 
of which two diatoms of the same species come together and 
become surrounded by a gelatinous investment. The contents of 
the two shells, that is the diatom cells, then issue from the shells 
and mingle together and a structure known as an auxospore is 
formed and this becomes a diatom of the typical form in which 
the process of division is again set up. When circumstances 
become unsuitable, as when the water in which the diatom is 
contained dries up, the cell can form a resting spore, that is tlie 
protoplasmic contents become gathered up into a compact mass 
which is able to resist unfavourable conditions. 

An almost infinite variety of shape is exhibited by the shells of 
diatoms. We find that those resident in fresh water have forms 
which are quite typical of this habitat and differ notably from 
those of the marine species. Navicida, for instance, is a typo of the 
bottom living diatoms both of the sea- and of fresh-water. In both 
the ft’esh-water and sea-water flora we have the peculiar stalked 
forms Gomphonema and others. In the mud are the littoral 
genera Navicula and Pleurosigma with an incredible number of 
species. Both of these forms are diatoms shaped somewhat in the 
fashion of little double-stemmed boats. They can move about in 
a graceful manner and by means of a mechanism the jncciso 
nature of which the botanists do not yet seem able to determine, 
in spite of the enormous amount of work which has been done on 
these organisms both by amateur and professional workers. In 
the sea the principal pelagic forms are Coscinodiscus, a diatom 
which is shaped like a pill-box, and some species of which arc 
relatively large; Biddulphia, a diatom the typical form of which 
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is in shape something like a pillow provided with variously 
arranged spines at the angles j Rhizosolsuiciy a cylindrical diatom 
of varying length and dimensions i GhcLBtocBvoSj in which we have 
a number of short cylindrical units adherent together with spines 
of various lengths and manners of insertion j ThcclcissiosiTcc, in a 
number of separate units are strung together on a filament, 
Bellerochea, Mtzschia, Bacillaria, Asterionella and many others. 
Some of these are neritic forms but others are oceanic dwellers. 
In the diatom ooze, which covers more than ten million square 
miles of sea bottom in the Antarctic, we have a variety of forms 
the chief of which are species of Fragillaria, Coscinodiscm, 
Thalassiothricc, Navicula, Actinocyclus, &c. It will be seen then 
that many genera of diatoms are cosmopolitan in their distribution, 
and indeed have the most varied habitats. The species of these 
are of course different in widely different localities. 

Diatoms have always been a favourite study with amateur 
microscopists because of the ubiquity of their distribution both 
in fresh waters and in the sea. No form of microscopical investi¬ 
gation can be more attractive than that of the diatoms. These 
organisms present such an astonishing variety in form, and the 
elegance of their shape as well as the extreme beauty of the 
markings on the shells allures the student. But in spite of the 
incredible amount of investigation that has been lavished on the 
speciography of this group, much remains to be discovered with 
regard to the reproduction and life, processes. We will see later 
that the study of the diatoms has been taken up in relation to far- 
reaching questions of the general economy of life in the sea, and 
that the stimulus afforded by the necessity for more minute 
knowledge of the metabolism of these organisms can hardly fail 
to be productive of a great increase in our knowledge of the group. 

This is, of course, only a very brief sketch of the composition 
of the plankton, and I have not referred to several very interesting 
sub-groups. There are hosts of planktonic protozoa like the 
Flagellates, which are of very great interest, both biologically, and 
from the point of view of the circulation of food matter in the sea. 
Then there are the anomalous forms, like the Ghallengerida, 
which afford quite special problems in speciographv. Finally 
one must not forget to mention that many algae (like Trichodes- 
mium) are planktonic. 
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We find therefore that there are two main groups of organisms 
in the plankton of the sea. There are first of all those which are 
pelagic throughout their lives: these are the permanent plankton. 
Then we have very many animals which appear only for a short 
time in the plankton and then forsake this mode of life and 
adopt either a benthic or a nektic habitat. To the permanent 
plankton belong the diatoms and the other drifting algae, almost 
all the protozoa, many of the jelly-fishes, many worms, some 
molluscs and several very important groups of Crustacea. On the 
other hand there are also very many organisms which form what we 
may term the transitory plankton: all these are eggs, larvae or 
other developing stages of marine organisms, and among them we 
have the eggs and larvae of fishes, molluscs, Crustacea, echino- 
derms, worms, with various stages in the development of most 
zoophytes and actinians, and also the spores of those algae which 
are in their adult state fixed organisms. For a certain time in 
the year all these appear as drifting pelagic organisms and then 
they settle down on the sea bottom, or adopt a definitive nektic 
mode of life. 

This interchange between the plankton, nekton and benthos 
depends on the fact that an animal or plant, which for the greater 
part of its life is rooted to one spot, must possess some means 
whereby its eggs may be distributed over a much wider area than 
is occupied by the adult forms. Thus on the land the seeds of 
plants are carried about by winds and other means, so we find also 
in the sea that all benthic and many nektic animals produce 
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eggs which are carried by the currents over a very wide area of 
sea. In this way the species becomes distributed over ns wi(h‘ an 
extent of sea as is consistent with the climatic conditions umbo' 
which it is fitted to live. Now it is the existence of th<‘ hod 
of reproduction by the production of free-swimming larvae whirh 
is the cause of the transitory appearance of a wholo host of 
different classes of marine life among the plankton. 

Marine animals exhibit various methods of developnituit. Tlio 
two highest groups of vertebrates in the sea—the mamma-lia (tho 
seals, whales, &c.) and the reptiles (the turtles and waten’-nnakos) 
reproduce in the same way as their relations on land, that, 
is the reptiles lay large eggs which develop in tlu' same way as 
those of birds, while the mammalia are viviparous. Among tho 
fishes there are some which reproduce in a manmo’ whicdi is very 
similar to that found among the mammalia; others lay large egg.n 
which develop in a manner not unlike that seen in tlu^ egcgn ot‘ the 
birds and reptiles; and others again lay eggs which dmadop in a 
very short time into a larva. 

In the development of a warm-blooded animal tlu‘ luuhryo 
grows within the uterus of the mother and is nonrinhod by a 
placenta, that is a structure in which the nutritiva^ mattcu' af \\u^ 
maternal blood diffuses through into the blood of tlu‘ fiH'tms. This 
kind of development occurs exceptionally among thn lislu^H. Tluwt* 
are a few British forms, and many tropical ones, in whie,h a vivi¬ 
parous mode of reproduction obtains and the littki fish is lua'ii 
from the body of the mother just as a mammal is. Ntdi tally so 
hut in some fishes there is even a structure which nvsciubli^H the 
placenta of the mammalia. Thus in some tropical rays ihort^ is a 
functional placenta. The yolk sac comes into redation with tho 
internal wall of the uterus, and little projections grow out fr<an tin* 
latter and come to fit into depressions in the wall of tht^ yolk hiu*, 
and the nutritive matter required by thn growing embryo difruHt^s 
through the walls of these blood-vessels. Tlaai in thv British 
spurdog (Acanthias) we have an example of a viviparous fish. If 
a gravid female caught during the summer be opened four or mmv 
young dogfishes will be found in the uteri and if the mzv and 
weight of these be compared with those of the undevela|M%d[ t»ggH 
it will be seen that a notable increase in both weight and sixe lias 
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occurred during development. The blood of the mother must 
therefore supply some material to the embryo other than that 
provided in the egg. Other British dogfishes and rays lay large 
eggs containing a quantity of food yolk, thus the eggs of the 
spotted-dog (Scyllium) and those of the skates and rays are fairly 
large and are enclosed in a leathery looking capsule, and are 
deposited on the sea bottom. Development takes a long time, 
perhaps the greater part of a year, and while the embryo is 
growing inside the egg-capsule it is being nourished by the food 
yolk originally present in the egg. In fact the general course of 
development is very like that exhibited by the egg of the fowl, 
except that the latter develops in a much shorter time, because 
it is incubated at a temperature of about 38° C- while the egg 
of the skate or ray is exposed to a temperature which does not 
usually rise above 15° C. In other respects the reproduction of 
these fishes is curiously similar to that of the fowl, for the fish 
probably “lays” in much the same manner and the spawning 
period probably extends over a considerable part of the year. At 
the end of the incubation period the little fish which is hatched 
from the egg is a large and perfectly formed animal and one 
which has probably no difficulty in escaping from its enemies, or 
in finding its food. 

But the eggs of the other fishes are quite different from those 
of the skates, rays and dogfishes. Most bony fishes produce a 
gi'eat number of ova, and these are very small, usually one to two 
millimetres in diameter, and they are therefore provided with a 
very small quantity of food yolk. Some, like the eggs of the 
herring, are laid on the sea bottom (demersal eggs), but most 
fishes shed their ova into the sea and the latter then develop 
floating about among the plankton: these are pelagic eggs. On 
account of the limited amount of food yolk development is a rapid 
process and the little fish usually hatches out from the egg in a 
week or two, but is a very feeble and helpless creature. It is 
quite unable to feed for itself, indeed the gullet is usually not an 
open tube for some time after it is hatched. The larva, for such 
it is, depends for its food on the remains of the yolk sac which is 
still attached to its abdomen when it is hatched, and it is only 
after this is absorbed that it begins to catch diatoms and copepods 
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and find its nutriment in matters outside the fund of food provided 
for in the egg. All this time it is an inhabitant of the plankton. 

Here then in the marine mammalia, the viviparous fishes, the 
marine reptiles, and in those fishes which lay large-yolked eggs 
we see what is known as the direct mode of development. 
Whether the period of incubation or gestation is long or short, 
that is relatively so, the little animal which is born out into tke 
world is a fully-formed member of the species to which it belongKS 
and it can be recognised as belonging to this species, for most of 
the characters of the adult are to be seen in the newly-born 
animal. This is because provision is made for the nutriment of 
the embryo and the process of development is carried to nearly its 
conclusion when birth takes place. 

But this is not the case among the vast majority of the inver- 
tebrata of the sea. The direct mode of development is exhibited 
only very exceptionally by these animals. We find here that small 
eggs are produced, that these contain little food yolk, that d(‘- 
velopment is a comparatively rapid process and that at the end of 
the incubation period a creature is hatched which is as a rule <|uit<^ 
unlike its parents. It is a larva and unless the eomplctt^, lifc^- 
history of the species to which it belongs is known it cannot he 
recognised. On the land we have the same thing in the maniu'r 
of reproduction of the insects. Here a '‘maggot’’ or larva- is 
hatched out from the egg, and when the life-history is unknown, 
the mere form of this is no indication of the identity of the spt‘ci(\s 
which has produced it. Among marine invertebrata, as among 
the terrestrial insects, the mode of reproduction is an in<lire(‘-t; oiu\ 
that is the development of the adult conformation is not a, simple' 
continuous process but is interrupted by the fuanation of a larval 
stage, or of a series of such. 

The characters of the plaice are well known to ev(Ty one. At 
the beginning of the year this fish spawns about three hundred 
thousand eggs, which then drift about in the sea whilt^ undergoing 
development. At the end of a fortnight or so these eggs hatch 
and the little newly-born plaice are liberated into the sea. Tht^ 
parent fish is a flat creature coloured brown and red on ont^ side' 
but colourless on the other. It swims on one side of its body; its 
eyes are apparently both on the same side of its head; and its 
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mouth is twisted to one side. But the newly-born plaice is round 
in cross section, it swims at first on its back and latterly with its 
back upwards in the proper manner, it is clear and glassy in 
appearance except that the tail is dotted over with black and 
some yellow pigment and it is quite symmetrical, one eye being 
situated on each side of the head. The plaice when it is recently 
batched from the egg cannot be recognised as such, and we only 
know that it is a plaice because we know its life-history and we 
can easily watch the process of development. It is really a larval 
stage in the development of the fish, and the larva differs strik¬ 
ingly from the adult, because the egg fi:om which it was hatched 
contains so little food yolk that the process of development has 
to be interrupted in order that the larva may grow and obtain 
food so that it may be able to complete unfolding of the adult 
structure. 

Now it is such a process that is characteristic of the inverte¬ 
brate population of the sea. Among the Crustacea there is no 
animal which gives birth to one like itself. The eggs of these 
shellfish develop into larvae which are quite unlike their parents, 
at least when they are just born from the egg. Among the 
Crustacea there are two principal larval forms, the nauplius and 
the zoea. The nauplius is the creature which is hatched from the 
eggs of all these shellfish with the exception of the Decapoda (the 
crabs, lobsters, prawns and their allies, where the larval form is 
the zoea). Even in these latter animals there is a disguised nau¬ 
plius stage in the embryology of the zoea. When the egg of a 
crustacean hatches a nauplius issues and for a time this creature 
leads an independent life in the plankton. It is quite unlike the 
young of any of the higher animals, which is for a time cared for 
and fed by its parents, but it behaves from the time of its birth 
exactly like a fully developed animal except that it is not sexually 
mature. It swims about by itself and seeks for and finds its own 
food, behaving to the extent of its powers as a minute predatory 
animal. 

The development of the crustacea is really more complicated 
than I have indicated, in that more than one larval stage is usually 
intercalated between the egg and the adult form. Thus the zoea 
larva hatched out from the egg of the decapod passes through 
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various phases before the full adult characters are acquired by it. 
The crab zoea moults and passes into the megalopa phase. Both 
zoea and megalopa were originally described as adult animals and 
these names are those which were applied to them by their 
discoverers. So also in the nauplius of the copepods a series of 
disguised phases may be discerned in the development of this larva 
into the adult form. The nauplius of the cirripedes (the barnacled) 
lives in the sea for some time; then moults and grows more 
appendages, and finally a bivalve shell, and again drifts about in 
the sea for some time before it settles down on the objects of the 
sea bottom as the familiar organism which every one knows. 
Stomatopods, Ostracods, Isopods, Amphipods, Schizopods and 
Phyllopods all have their nauplius larva and a series of other more 
or less easily recognised larval stages appear before the full 
characters of the species to which they belong are acquired. In 
the peculiar parasitic Crustacea which infest the bodies of fishes 
and other marine animals there is a much more complicated life- 
history, and a long series of larval phases may be included in the 
process of development by which the creature enters into its 
definite place in the metabolism of the sea. 

Very few mollusca have a direct development. As a very 
general rule the egg which is spawned into the sea when the 
breeding season of the shellfish is reached is a minute organism 
possessing a larval shell and provided with a locomotory apparatus 
in the shape of a lobe of the body carrying a number of cilia. 
Cilia are the stiff contractile hairs by means of which the larva 
of nearly all marine animals progress. This veliger larva is as 
characteristic of the mollusca as the nauplius is of the Crustacea. 
It swims about in the sea for a considerable period and then 
abandoning the planktonic mode of life for a benthic one it 
settles down on the sea bottom, attached to stones, &c., or in the mud, 
or in the sand, for the remainder of its life. The egg of the star¬ 
fishes and sea-urchins develops into a larva which is as character¬ 
istic of these groups as the other larval forms we have mentioned 
are of their respective groups. The pluteus larva of the starfishes 
and sea-urchins is an inhabitant of the plankton and when it has 
lived long enough in this mode of life to become enabled to 
complete its development it begins to unfold the structure of the 
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adult. The eggs of the worms hatch out as trochospheres, which are 
spherical or oval creatures possessing a very simple alimentary 
canal, two eyespots, a tuft of sensory hairs in front, and a circlet of 
cilia by means of which they swim. Successive joints or segments 
of this larval body bud off and the adult formation is gradually 
developed. Then if the parent has been a planktonic dweller the 
worm continues its life in that mode, but if it is a bottom-living 
animal it soon settles down to a life in the benthos. 

Observe that there are larval forms which are characteristic of 
extensive groups of marine animals. The typical crustacean larva 
is the nauplius, that of the mollusc the veliger, the echinoderm 
larva is the pluteus, or some other characteristic form, and the 
larval form of the worms is the trochosphere. Although very 
considerable differences may be witnessed in the characters of the 
adults of the species belonging to these assemblages of animals it 
is nevertheless the case that the larval forms shew a very close 
resemblance. We explain this by assuming that in the evolution 
of the group there was an ancestral form which is now suggested 
by the larva. The memory, so to speak, of this ancestral form has 
been indelibly stamped on the species in that it is reproduced in 
the development of each individual. If an organism occurs in 
fossil form which resembles the larval form of any animal group 
we are justified in assuming that (if such a view is not contradicted 
by other evidence) this fossil form was related to the ancestors of 
the group in which our larva occurs. Thus Limidus, the king-crab, 
shews in its development a stage which is suggestive of the 
structure of the Trilobites, and it is generally held that these 
long extinct animals are in some way related to the king-crabs of 
the present day. 

So far we have only considered the sexual mode of reproduction, 
but there are other methods by means of which marine animals 
multiply. Whole groups of animals reproduce by budding. Thus 
the polyzoa have in addition to the sexual mode, developed an 
asexual method of reproduction. These are animals which form 
colonies, and the sea-mat {Fhistra) with its leaf-like fronds will be 
a familiar example of the group to any one who has looked at the 
d^ris cast up by the tide on the seashore. Starting with one 
individual produced by the sexual mode, a colony is formed by the 
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formation of buds from this original zoid. So also with the 
zoophytes. These are plant-like organisms belonging to thi^ 
coelenterata, and each colony is an organism which consists of a 
great number of separate units or polyps (or zoids). Here again 
we begin with one original individual which has budded to 
produce the colony. Corals are also colonial animals, and in tlu^ 
massive coral formations we see numbers of separa-tc stony 
receptacles each of which is the house of a separate coral zoid. 
All of these are formed by the budding of one or more zoids. 
Siphonophores are also compound animals in Avhich the zoids arc' 
formed by budding, and in these animals the division of labom' 
among the zoids, which is also exhibited by some other compouml 
animals, is well shewn. In a siphonophore there are assimilatory, 
sexual, locomotory and defensive zoids, all of them produccul by 
the modification of originally similar individuals. In all compound 
animals the zoids are not entirely free from each other but all live 
connected together by a common flesh and are set upon a common 
skeleton. Each zoid may sometimes exercise the sexual fuiiction. 
Eggs and spermatozoa may thus be produced by each if tlu^y an' 
hermaphrodite, or separate zoids may form these elcnumts. Each 
colony begins in this way. 

Then we have the method of reproduction by simph' division 
which is generally characteristic of the protozoa, but is also 
exhibited by groups of animals much higher in the scale. In this 
mode the organism simply divides into two. But this pnxu'ss 
cannot continue indefinitely, and a phase in the life of each 
individual is attained in which reproduction by tlie union with 
another takes place. Here there is an alternation of generation. 
Sexually produced and asexually produced series recur with more 
or less regularity. Alternation of generations is the rule in th<' 
vegetable kingdom and is characteristic of several animal groups. 
Even in the higher sub-kingdoms of the animals there are cwl- 
dences of an alternation of generations, though these are gn^atly 
masked. Thus even in the directly developed Bkat(^ there arc' 
indications of the appearance of a larval stage in the embryology 
of the beast. 

We may speak of the life-history of the majority of the animals 
in the sea as exhibiting various stages. There is (1) the embryonic 
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Stage in which the animal is developing within the egg; (2) the 
larval stage which begins when the embryo hatches out from the 
egg and which may be reduplicated by the development of a 
series of larvae; (3) the juvenescent stage in which the larva has 
attained the form of the adult and can be recognised as belonging 
to a definite species, even though its life-history has not been 
followed out; and (4) the adolescent stage in which the young 
animal has become sexually mature. This sequence is of course 
only a general one and it is modified in all kinds of ways. 

Death as the result of senile decay must be a very exceptional 
event in the case of a marine animal. Usually the life of such is 
determined by some catastrophe. In the sea the struggle for 
existence is probably more severe than on the land. Every animal 
has its own peculiar enemies, either predatory creatures which 
prey upon it, or parasitic organisms which in their ultimate effect 
are no less to be feared. Physical events may cause havoc in the 
sea. Violent alterations of temperature may lead to the death of 
hosts of creatures, while great changes in the salinity of the sea¬ 
water may be no less fatal. 

Countless millions of pteropods must be destroyed by the 
whales of the northern sea^;- porpoises destroy hosts of herring, 
cod, whiting and other fishes; roving sharks and dogfishes, either 
singly or in shoals, must at times produce devastation among the 
bottom-living fishes of sea areas; cod which are themselves the 
prey of porpoises devour great numbers of fish such as herrings, 
and Crustacea such as hermit crabs, &c.; plaice and flounders eat 
enormous numbers of cockles, mussels and other small shellfish, 
and densely populated beds of these molluscs are at times 
decimated by hordes of starfishes; pelagic fishes like herrings and 
mackerel feed to a great extent on swarms of copepods and other 
planktonic Crustacea, and 20 millions of Geratium have been 
estimated in the stomach of a single sardine. And so on through 
the whole marine animal kingdom. Sea birds prey to an astonish¬ 
ing extent upon molluscs and fishes. Finally man, the destroyer, 
contributes his share to this incredible massacre, for whatever is 
useful in the sea is caught by him to the full extent of his powers, 
aided by fishing machinery; and not only useful animals but also 
those which are in association with these are destroyed. But it is 
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only in the case of the larger fishes and the rarer marine 
mammalia that man s influence as a destructive agent is seriously 
felt. As a destructive agent he has far less effect on the abundance 
of most useful marine animals than is at first apparent. 

But no less astonishing is the incredible fecundity of marine 
organisms and the variety of contrivances for the protection of 
both immature and adult animals which the struggle for existence 
has evoked. If the amount of destruction is great no less great 
are the recuperative powers of a marine species, and indeed it is 
only by measuring the latter that one can arrive at an estimate 
of the amount of the destruction. A large turbot may spawn nine 
millions, a cod five, a flounder one, a plaice three hundred 
thousands of eggs during each breeding season. Other fishes are 
almost as fertile. Even the relatively slowly-breeding Crustacea 
produce great numbers of eggs: crabs, lobsters, prawns and their 
allies produce several thousands of eggs at each spawning. Most 
molluscs are very prolific, and though no one has attempted to 
estimate the number of eggs annually produced by a mussel, yet a 
glance at the enormous number of eggs that can be taken from 
the ovary of this animal on the point of a knife will convince one 
that it must be very great. Starfishes and their allies are very 
fecund. Bottom-living worms often deposit their eggs in cocoons 
and each of these may contain an astonishing number of ova. 
Speaking quite generally benthic animals are more prolific than 
pelagic forms, but even in the planktonic worms hundreds of eggs 
may be carried by one individual. Pelagic Crustacea also are less 
fertile than bottom-living forms, but they have advantages in the 
more abundant opportunities for the distribution of their eggs and 
larvae. The powers of reproduction of the compound polyzoa and 
zoophytes are astonishing. In these animals large numbers of 
zoids are produced by the budding of an originally single indi¬ 
vidual, and of these zoids, which together form the association 
known as the polyzoon or zoophyte, a large proportion at least are 
reproductive and produce eggs which are liberated in the sea to 
develop into free-swimming % larvae, which either settle down on 
the sea bottom to reproduce another colony or may themselves 
bud asexually or again produce eggs. Hardly a marine animal 
but harbours some parasite and animal parasites above all other 
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organisms are incredibly fertile. In a single tapeworm inhabiting 
the intestine of the skate or cod there may be hundreds of separate 
segments or joints and each of these is a sexual unit and may 
produce many hundreds or even thousands of eggs. When we 
consider the unicellular organisms we are no less impressed wuth 
their fertility. A very small mass of diatoms put into a dish with 
a little sea-water and a piece of weed and exposed to the sunlight 
for a day or two multiplies to an astonishing extent. All uni¬ 
cellular organisms which reproduce by simple division do so at 
times with great rapidity. Given the proper conditions of 
nutrition and a few infusoria contained in a little mud will in a 
very short time have produced an incredible progeny. One single 
marine bacterium will even at the ordinary temperature multiply 
to the extent of several millions in the course of a week or two. 

On the other hand the life-histories of some marine animals 
are complete antitheses to those indicated above. Whales, seals, 
porpoises and other marine mammalia are like their terrestrial 
allies slowly-breeding creatures. The viviparous dogfishes produce 
few offspring in the course of the year. Those fishes, like the 
skates and rays, which lay large yolked eggs only deposit a few 
dozen at the most in the breeding season. Pelagic worms and 
Crustacea are not nearly so prolific as the demersal forms. The 
viviparous invertebrata produce few embryos in the year. 

Now it is not difficult to explain why it is that such differences 
in the fertility of marine animals should exist. It is an apparent 
paradox that while a turbot produces annually nine millions of eggs, 
and a ray only a dozen or two, the ray should be much more 
abundant and more widely distributed than the turbot. But 
there is no necessary relation between the fertility of a marine 
organism and its abundance. “No fallacy,” says Darwin, “is 
more common among naturalists, than that the numbers of an 
individual species depend on its powers of propagation^.” All 
that the fertility of such fishes as the turbot and cod, or such 
molluscs as the mussel, or Crustacea like the shore-crab, indicates is 
that the destruction of these creatu]|es at some stage of their life- 
history is enormous—^just as enormous as their fertility is great. 
And conversely, the fact that a fish like the. ray or dogfish, or a 
^ Voyage of the Beagle, Chap. ix. 
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crustacean like the lobster, produces comparatively few offspring 
indicates to us that some provision is made for the rearing, and 
protection from enemies, of the eggs and larvae. Natural selec¬ 
tion has taken two ways of combating the destruction of animals in 
the sea. On the one hand enormous numbers of eggs are produced 
only to be destroyed, while a few survive to maintain the species, 
and on the other hand few eggs and offspring are brought into the 
world and all kinds of devices are elaborated for the protection of 
these. 

Thus we find that fishes like the cod, whiting, turbot and 
herring shed their eggs into the sea and take no further thought 
for them. The ova of the first three fishes are shed into the sea 
and drift about in the plankton, and though they are so pellucid as 
almost to be imperceptible to the human eye, yet it is probable that 
many pelagic animals feed upon them. Herrings deposit their eggs 
on the sea bottom and then abandon them, and soon after hordes 
of whiting come and gorge themselves on this nutritive material. 
Herring, whiting, cod and turbot -while they are in their larval 
stages are among the most helpless of creatures that swim in the 
plankton and while they are still microscopic in size many pelagic 
animals must feed upon them. Then, with hosts of other young 
fishes, they are stranded on the shore by the receding tide, and 
being left in shallow sand pools, which soon dry up beneath the 
heat of the sun, they perish miserably. Even when these fishes 
have attained the age of juvenescence they are devoured by other 
animals. Dozens of whiting furnish only one meal for a porpoise. 
Cod prey upon turbot, whiting and herring; and the whiting is not 
infrequently cannibalistic in its proclivities. Skates, rays and 
dogfishes are catholic in their tastes and prey upon all four of the 
fishes instanced as examples of the reciprocal destruction of fishes 
by each other. But the skates, rays and dogs are themselves 
fairly free from enemies, and only the porpoises prey on the dog¬ 
fishes and man on the skates and rays. The eggs of the two latter 
fishes are enclosed in hard, horny indigestible capsules and are 
not in danger of being eaten by other animals. They are laid on 
the sea bottom and are not in danger of being stranded on the 
shore. So too with the eggs of the oviparous dogfishes. All these 
eggs are large and contain much food yolk, and when the young 
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fish hatches out from the egg it is already a large and predatory 
creature which is able to seek shelter and to find food. The vivi¬ 
parous dogfishes have even greater advantages. The young, because 
of their mode of development, escape the dangers of embryonic and 
larval life and when they are born are active creatures which are 
able to avoid some at least of their enemies. The intelligent and 
pugnacious lobster carries its eggs attached to the abdominal feet, 
and during the nine or ten months required for the incubation 
of these they are immune from enemies. Even the fisherman is 
prohibited by law from taking the nursing lobster or crab. 
Generally among the Crustacea the eggs are carried by the mother 
during the incubatory period, and there are hosts of devices by 
which these, and other marine animals, are enabled to carry and 
protect their eggs and larvae : such are brood-pouches and chambers, 
egg-sacs, «fcc. Some of the fishes devote what we must call pur¬ 
poseful and intelligent care to the fostering of the eggs and young. 
The male pipe-fish carries the eggs in a brood-pouch; the lump¬ 
sucker guards the mass of ova laid by the female, and keeps it 
aerated by blowing water upon it from his mouth, or by waving his 
tail backwards and forwards in front of the egg heap. Often his 
devotion is the cause of his death, for the eggs may be deposited 
in a rockpool which may be exposed by a spring tide and the 
unhappy parent may then be attacked by predatory birds or small 
boys. The fifteen-spined stickleback builds a nest out of sea-weeds 
and cements these together by a viscid fluid secreted by him at the 
spawning time. In this nest are laid the eggs of one or more 
females. And so all through the marine fauna. Fully to relate 
the methods developed by natural selection for the protection of 
the eggs and young stages of fishes and other marine animals 
would require a large volume. 

Now we may return to the plankton. We have seen that this 
contains both permanent and transitory components. Hosts of 
benthic animals and plants while they are still in the larval, or 
sporing phases, live among the drifting microscopic life of the sea 
and then disappear, having assumed some one of the other modes 
of life. If then we consider only the transitory life of the plankton 
we should expect to find that both the nature and amount of the 
organisms present should vary with the season, and observation 
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indeed shews that this is the case. Even the permanent plankton 
varies with the season. In the sea, as on the land, there is seed¬ 
time and harvest, and with the spring a multitude of life comes 
into existence to pass away in the autumn and winter. I leave 
aside in the meantime a consideration of the causes of the variation 
in abundance and nature of the plankton. We shall see later that, 
enquiry into this carries us away from the traditional province of 
the biologist into that of the physicist and astrononuir. Very 
probably many of the larger variations in the plankton arc caustnl 
by cosmical events. 

It is possible to construct a ''calendar of the plankton L” Jf \vv 
make periodical hauls with a tow-net in any small sea arc^a onc(‘ a 
week or oftener throughout the year it is easy to see that the fauriJi 
and flora of the plankton do not vary fortuitously, but thercj is a 
very definite order of succession in the nature and abundance of thc^ 
organisms found throughout the year. Fishes, molluscs, Crustacea., 
echinoderms and other creatures which live in the sea all hav(‘ 
their spawning seasons. The nature of the seasons may delay or 
hasten these spawning times ; exceptional gales or unusual pt'.riods 
of fine weather may have great influence and product^. cliang(\s 
in the abundance of the permanent plankton, confusing tlu.^ imhr 
of appearance of the transitorily occurring organisms, b\it wlu^n the 
observations of a number of years have been accumulated one', knows 
roughly when to expect the appearance of the usually occtirring 
things. I will consider here the main changes in the order of thc^ 
plankton which may be observed in the sea off the west coast of 
England. 

There is never absolute sterility in the sea. Wherever and 
whenever one fishes with the tow-net life is to be found. But at the; 
beginning of the year the plankton is not abundant, that is with 
relation to the other seasons. The permanent constituents arc‘ 
generally scarce and the great outburst of life, which is duo to th(‘ 
spawning of the fishes and other bottom-living or ncktic creatur(\s, 
has not yet taken place. But very soon, as the intensity of sun¬ 
light increases and the amount of food matter in solution in tlu; 
sea begins to accumulate, the diatoms multiply at an increased rat(‘. 

1 McIntosh, Ann. Rep. Scottish Fishery Board for 1889. Bee also Garstang, 
Joiirn. Mar. Biol. Ass. Vol. m., 1893-5. 
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Previously many of these plants have formed resting spores, and 
are lying dormant. Genera like Biddulpliia, Coscinodiscus and 
Ghaetoceros appear about the end of February, at times in great 
profusion, so that the tow-nets may occasionally contain little else 
than these organisms. The fishes begin to spawn, and the copepods 
too increase in numbers. But the changes which characterise the 
months of February and March are (1) the increase in the diatoms, 
and (2) the appearance of fish eggs and larvae. The outburst in 
diatoms is due to meteorological changes principally, and it effects 
a part of the plankton which is already present in the sea as such, 
but the fish eggs and larvae result from the multiplication of 
animals which are nektic in their habits. The diagram below has 
been constructed from observations of the appearance of fish eggs 
in Cardigan Bay for the years 1905-6 ^ It shews that even at the 
end of the year plaice begin to spawn. Then follow the rockling 

Plaice .. 

Eockling 
Dab .... 

Plounder 
Haddock 
Bib .... 

Coalfisli 
Common 
dragonet 
Whiting 
Cod .... 

Brill .... 

Solenette 

Sprat.... 

Spotted 
dragonet 
Ling .... 

Turbot.. 

Anchovy 
Mackerel 
Weever 
Top-knot 

Fig. 22. The succession of fish ova in the plankton of 
Cardigan Bay, 1905 and 1906. 

{Motella, probably more than one species), flat-fishes like the 
flounder and dab, gadoid fishes like the haddock, bib and coalfish, 
and the common dragonet. Cod and whiting begin to spawn in 
March and the brill, solenette, sprat and spotted dragonet complete 
^ Scott, Annual Rejports Lancashire Sea-Fisheries Laboratory, 1905 and 1906. 
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the list of fishes the eggs of which have been taken in the tow-n(‘tH 
here in the spring months. 

Simultaneously, the larvae of many bcaithic and planktonic 
creatures appear in the tow-nets. The diagram billow has b(‘en 
constructed from observations of the same series of coll(‘C‘tionH 
as that from which the distribution of fish eggs has be(‘n made out, 



Fig. 23. Tlie rough HucceHsion of wuno plaukituht! orgauinniH in ihn 
Hea oil W. Englaiith 


and it shews the appearance in tht^ (‘ourm* of the year of tlu‘ larvae 
of some of the commoner animals of th(» plankton. C!opt»pods are 
now and have for some timt‘ pn^viotisly hotm carrying cgg-aars, 
and the eggs in these begin to hatc‘h (mi so that tin* nanplii of 
these Crustacea b(‘gin in Jamiary to appear in the plimktom Btif, 
they arc not abundant, for th(Ma)pi‘p<Kls produce comparatively few 
eggs and, as a group, spawn over a pn^longcnl piudiHl of iinu\ We 
find their nauplii in the si^a until t}u‘ tmd of May. Aseidian eggs 
containing developing canbryos are also i>bHi»rvi*d at the beginning 
of the year and last until the auttimn. A mont striking change is 
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the advent of myriads of nauplii of barnacles {Balamis) which at 
times are found in the tow-nets to the practical exclusion of almost 
everything else. Great numbers of these animals must spawn 
simultaneously and very rapidly, for they appear to produce swarms 
of larvae. After a short free-swimming existence these nauplii 
moult and we then find that the tow-nets contain the bivalved 
cypris stage of Balanus. These latter larvae linger on until the end 
of the summer, but in April and May most of them must have 
begun to adopt their adult habitat, for we find then that swarms of 
young Balani have settled down on the stones, shells, piers, 
sea-walls, &c.; and on the hulls of the boats of the fishermen, in 
spite of anti-fouling paint, assiduous scrubbing and doubtless 
much profanity. 

At the beginning of March the crabs begin to spawn. The 
distinction of the different crab zoeas is a matter of great difficulty; 
certainly there is much individual variation in the time of the 
spawning ; and the larvae have, as such, a long life. Therefore we 
find that most tow-nettings taken until the end of October contain 
zoeas. At times the eggs carried by numbers of crabs must hatch 
almost simultaneously, for we find tow-nettings which contain little 
else than these larvae. 

May begins a new season. The diatoms have hitherto been 
prominent plankton organisms, often to the practical exclusion of 
everything else, but from now for a few months they begin to 
decrease in numbers. The summer spawning fishes begin to shed 
their eggs. Ling, turbot, anchovy, mackerel, stingfish {Trachintis) 
and topknot {Zeugopterus) spawn in May, June and July. The 
sole too spawns in June, though the eggs of this fish do not appear 
in the inshore waters of Cardigan Bay and are not represented in 
the diagram. Plutei of echinoderms appear in May for the first 
time. Sometimes the beautiful long-spined plutei of the heart- 
urchin (Echinocardium cordatum), a species which lives in the mud 
in inshore waters, is so abundant as to crowd out other organisms 
from the tow-net. In June the crab zoeas are undergoing their 
metamorphoses into the Megalopa stage, and swarms of these 
larvae appear at the surface of the sea, and also at the bottom, for 
dabs may be taken with their stomachs distended with these 
creatures. Megalopas are long-lived and November sets in before 
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they disappear from the plankton. The beautiful Ericthous larva 
of the Stomatopod SquilLa appears in July and August. In July 
the sea often becomes brilliantly phosphorescent and the tow-net. 
shews that this phenomenon is due, as a rule, to the ])roto;^oon 
Noctiluca, an organism which is the usual cause of phos])liorescenct^ 
in the sea off the west coast of England. 

The summer months are also characterised by the a,pp('aran(H‘ 
of two series of organisms which are an intolerable nuisances to 
the fishermen and naturalists, Peculiar algae {Tefntspora and 
Halosphaera) which secrete mucoid capsules, appear in great 
abundance, clogging up the pores of the tow-nets, and drying on 
the trawl nets, producing an unpleasant odour. Great swanns of 
medusae float on the surface of the sea. At first A Hvella ivS i.lu^ 
common one, but later on the large “cabbage-bleb’’ (Rluzostonnt) 
makes its appearance. One may sail for miles through a swarm 
of Aurelia so densely packed together that the sea luis a uniform 
reddish colour. When the trawl is hauled it is full of this jelly¬ 
fish and great labour is often required to clear it, and when at 
length it is brought on deck much shovelling is nc^cessary btdbr(‘ 
the slobbery mass of Aurelia is thrown overboard. Larger Rliizo- 
stomae are often seen drifting about in the water, each with a little 
crowd of gadoid fishes of small size sheltering underneath the 
bells, doubtless seeking the shade and also protection from enemies, 
to whom the stinging jelly-fish is a thing to be avoi<U‘d. 

During the summer months the diatoms have not \mn\ so 
abundant as formerly, though they are always prestuit to some 
extent. Rhizosolenia is often abundant, being piU-haps more 
characteristic of the summer months than the othiT diatoms 
mentioned. With the autumn and winter tnonths the diatoms 
begin to flourish again. A second period of increased multiplieatioii 
occurs and from then to November they again becotiu^. abundant. 
We shall see that this second maximum, like the first orm, dcptmds 
on the accumulation of dissolved food matter in the sea, ptnliaps 
ultimately on the reduction of the temperature. 

Towards the end of the year the plankton as a whok‘ falls off* 
both in quantity and variety. The larval forms have mostly 
become metamorphosed and have adopted bottom-living habits or 
have taken to a free-swimming life in the sea as active animals. 
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The perennial plankton continues. But the summer visitors 
among the copepods and other Crustacea have departed; also the 
large medusae and other coelenterates, the pelagic algae, and many 
other permanent planktonic animals and plants have gone. The 
ubiquitous copepods such as Paracalamis, Pseudocalanus, Acartia, 
Centropages, Temora, Oithona, and others remain in restricted 
quantity. The ctenophore Pleurohrachia, the pelagic worm Sagitta, 
and the ascidian Oikopleura remain also. Geratium is nearly 
always present. But all are less abundant during the last month 
of the year. Finally, at the beginning of the year the diatoms 
again begin to increase attaining their maximum in the spring. 

There is thus a regular succession of organisms in the plankton 
of a sea area. In that just described we see that the main features 
of this succession are:—(1) relative scarcity at the beginning of 
the year; (2) an outburst of diatom life in the late winter and 
early spring; (3) the appearance of countless myriads of fish and 
invertebrate eggs ,and larvae in the spring and early summer; 
(4) a decrease in the abundance of the diatoms, and the gradual 
disappearance, from the plankton, of the eggs and larvae; (5) the 
appearance of swarms of medusae and other coelenterates in the 
summer; (6) the reappearance of diatoms in the late summer and 
autumn; and (7) the scarcity of the plankton as the winter begins. 
Throughout all there are a number of forms of life which remain 
as permanent inhabitants of the area. 

Just in the same manner the fishes and the bottom-living 
invertebrata have their phases of abundance and scarcity. In the 
Irish Sea cod appear in the winter and spring and spawn in the sea 
offshore. Hordes of whiting visit the offshore fishing-grounds in 
the spring. Flounders and small plaice migrate from somewhere 
to the shallow inshore waters in the spring. Soles appear in the 
deeper waters off the land in the summer. In the summer and 
autumn plaice visit certain fishing grounds for a time and hake 
migrate into the deepest parts of the sea from the south. Fisher¬ 
men are well acquainted with these periodic appearances of fishes 
and regulate their operations accordingly; and just as in the case 
of the plankton there are ubiquitous fishes, such as the dab, 
which are to be found everywhere and at any time of the year. 
No doubt corresponding series of changes occur in the case 

7—2 
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of the bottom-living invertebrata, but these ha,ve not been studi(‘cl 
to the same extent as have the plankton and tlui fislies. 

All throughout the year there is a more or h'ss ri'gular 
change in meteorological conditions. The temjK'nituH^ of t>lH‘ aii 
is continually changing: violently at times, because of eha.ngos in 
winds, as cyclone succeeds cyclone, or an'. int('rs])(‘rse<l wiib the 
more welcome anticyclonic systems; but throughout' t»ho veai‘ 
rising generally to its maximum and again falling to it'S minimum. 
The temperature of the sea too undergo(‘s mu(*h tlu* sa.mo 
variations, but these are more regular than in t-lu' case of tlu' 
atmosphere. Sometimes the difienmee la^twinm s(‘a. and air 
temperatures is relatively great, som(‘tim('s n‘lat.iv(‘ly small, '’llu' 
duration and intensity of sunlight vary from day t.o day; and 
some extent at least there are variations m the salinity tlu‘ 
water. All these changes in ])hysical conditions react on the hde 
processes of marine organisms, but tlu' primary cainse is the 
annual change in the temperatures (yf t-Iu' wabav tins!' as Ihei'e is 
a great outburst of vegetation on tlu‘ laml in the spring and 
summer, so there is a spawning season in tb(' spring and early 
summer in the sea, and in the case of most, marine organisms this 
habit of reproduction during tlu'se months has laam stamp<sl upon 
them by heredity. We thus find that. tlu‘ hinge round whi(*h most 
seasonal variations in thi^ abuialance cyf animals in the son turn is 
the annual reproductive phase sonu'tinu' or otJn*r during t-lu* 
first six months of the year. 

There is only food for a limited (though of (‘ourse very great) 
mass of life in the sea, ami any changt' whieh is favouralfie to flu* 
multiplication of the individuals of om‘ speeit's must necessarily 
react on other organisms. Tlu' sudden produc-tion of tin* vast 
numbers of larvai^ which result from the spawning of hosts of fisln\s 
and invertebrates in thi' spring, must lessen tin* numbers of 
diatoms,protozoa, ormicro-crustacc'aon whi(‘h thtjsi* larvae fe«‘d. ()n 
the other hand, the appearama^ <yf t.lu* eggs and larvae means 
that food is provided for other predatory animals: thus lia<l<lock 
follow the spawning herring and gorge tlunnstfiveH with thi‘ eggs 
which the latter fishes deposit on tlndr spawning grounds, ami to 
such an extent does this destruction take place that luindrculs of 
boxes of haddock have been landed by ilslienmm, and all these 
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havr had thoir st.<aua<*lis full of h(‘rrinf( If hy anv 

<irrnnistanrt‘ oia‘ spocht's roeoivrs an advantaoc^ iht^n soino oUaa* 
iu*{*ossariIy sniTors. Thns if. is ntaiulaiiu^d hj fislhaanon thal. iho 
opi‘raf-ion of fho Wild liirds Frotr(*tion A(‘is has Ixuai f-o causi* a. 
<Iii!unution in fho ahuiHla,!io(‘ of (‘ooklos in sonu^ localitios, sincH‘ 
incToasod nunihors of gidls won* spansl t,o oaf. i.h(‘se molluscs. 
Flu{*fnations in fin* abnndain*o of plankftaiic organisms in f.ho s(‘a, 
which aro smaller than fho groat a,nnual periodic* clinngt‘s which 
wo have boon considering, are often to In* fraccsl f.o such minor 
disturbances in fho “ balanco of lift*.'' In fin* s(‘a f.hen' is always 
a ('ortaiii n‘laii«ai bt*f\vet*n the numbers in groups of spesdes, and 
though at any «me finn* fimre is an t‘<juilibrium, still this 
et|uilibrium is a (*ontinuaIly (’hanging one; and (’hangt’s in tin* 
physical conditions' of tin* sea—*which cdnmgc’s are fundamental 
4»nes—must disturb the balance. 



CHAPTER V. 


THE SEA-FISHERIES. 

Into this complex and delicately adjusted struggle for existence 
man now throws the weight of his influence, and as the captor of 
hosts of marine organisms becomes a disturbing factor of import¬ 
ance. Among the organisms which populate the seas of the globe 
are very many which are useful to him, either as food, as the 
materials for adornment, or as the raw stuff for use in thc^ arts and 
manufactures. Whole groups of fishes such as the cod, plaice, ling, 
haddock, herring, dab, flounder, witch, skate and ray, dogfish, and 
others are food for the humbler members of the population, while 
others such as the sole, turbot, salmon, halibut and brill provide 
luxuries for those who are able to afford them. Among the 
Crustacea the crabs and shrimps are the food of the more penuriotis, 
while the lobster adapts itself to the more affluent. Periwinkles, 
mussels, and cockles are luxuries suited for the narrower purses. 
Oysters and turtles conjure up images of aldermanic junketings. 
Other more obscure organisms find their places in the dietaries of 
many of the peoples of the world. Edible sea-urchins (Echinus 
escidentus) and holothurians (Beche-de-Mer and Trepang) are eaten 
in some parts of the world. Polychaete worms too form an articl(3 of 
food to some primitive peoples. From very early titnes the humble, 
though succulent ‘'dulce ” (Iridaea edulis) has been eaten in this 
country, and other marine algae are also articles of food. Every¬ 
where the sea is the repository of stores of food for man. Not only so 
but other important economic products are also yielded by the blue 
water. Numbers of shellfish which are not taken for food are of 
considerable value. The Mytilidae of warmer seas furnish the 
“Orient Pearl” of the jeweller, and the shells of the larger 
Margaritiferae are so valuable for the mother-of-pearl that they 
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(‘OTitain that, ih(‘y an^ wnrtli souu^ .£2(K) a t.on. Tha fiwsh water 
mussels of our riv(‘rs and Ctilu) yit^ld ]H‘arls which ha,ve 

o(*easionally some value a,s gems: and ilu* eommon edibh* mariiu^ 
mussel too furnishes pea.rls which had at oih' t-ime a use in com- 
mena** Some of the largta' tropi(‘al mollusc'a art* providtsl wit.h a 
hyssus wliieh is so la,rge t.ha.i it.s fihrt^s an* spun into (dot-h, which 
is used in th<Kse parts of the (*art.li whtaa* clothing is worn for its 
primary purpose alom*. llu* imptu*ia! purple of t-ln* Romans 
was yieldt‘d hy the molluscs Purpura and ot.ht*rs; and 

the ss‘pia of the artist* is obtained from ct*rtain cut.t.l(‘dislu‘s. Many 
molluscs, both bivalves and univalves, an* used as ornaments, and 
from time imm«‘moriaI the ctavrit*s(f b/prm) havt* starved as ajirimi- 
tive form of niimey. C ^H‘Ient4‘raies furnish f(*w products of ust* to 
man, but thi* pre(‘i(mH rod {*oral of c(tmmi*rce is a notabh* ex(*ept ion. 
The whales and seals are, of coursi*. vt*ry valuabh*, th(* fornu*r for 
tile oil and whalebtme, and t.lu* latt<‘r fn* thi‘ir skins. Many us(*- 
ftd prodiu*tH an* yieldi‘d by parts of fisht*s {*aught primarily for f<HMf 
thus the swini'bladth'rs of tish<*s are nse<l to obtain isinglass, and 
other parts of the piseine nnuiomy are i*mploy<‘d f<»r (ilu* manu¬ 
facture of tin* {‘tnirser fisleglm*. If no otlu*r usi*i*an In* math* of fish 
otfal it. is (*on\'erted into manure, and larg<* (piantitn*s of Htaj’hs!n*s 
tind tins appIi«’ution in commenH*, a. ust* tt> wliich tht* r<‘jc‘ctamenta 
of iuir tish markets is aJso destined. Seaweeds anv also imah* into 
manure, and not long ago nil tin* liromine and iodine of 
commert*e wen* madi* from tlu* kelp obtuinetl by burning tin* 
marine nlgm*. 

Man has exp!tat(*d tin* population of tin* sea from t-lu* i‘arli(*st 
times. Long before the (uigin td* tin* arts and manufac‘4.un‘s In* 
fished and hunfetl, and as the human animal in(*reast‘d in immbi*rH 
In* lieeame tin* most formidable (memj <if thosi* other animals with 
wliieli he at first compi'ted on mon* or less etpud t4*rms. Man, tin* 
hunter and sportsman, soon began to dcwimatt^ tin* laud, so that in 
all cuvilised caamtries tin* largi*r ami mon* slowly brissling animals 
havi* bec-oine scarciT and seareer, or liave <Usappean*d, as Ims bec*n 
tin* c*nse wlili tin* elephants, bisons, dt‘er and wolves. Kv(‘n tin*. 
Hmalh*r and 1<*hh valuable mammals like the han's, oti(‘rs, badgt'rs, 
foxes and others are now rarities in di‘nst*ly populaieil eountrit*H. 
The sahiiou wtmkt hmg ago have practically disapptnired from tin* 
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rivers of Britain if the value of this fish to the sportsman had not 
been prolific of legislation for its pi^otection. Eagles, ravems and 
other birds have yielded to man’s destructive instincts, and in otlna* 
countries the larger flightless birds such as the ostrich, cassowary, 
emu and kiwi, are slowly disappearing or requiri' to be cult.i- 
vated or protected by legislation. The moa, great auk and dodo 
have become extinct, but these were probably species whi(di W(a-(^ 
passing away from natural causes before man came on scelu^ 
In our own country many wild birds are the obj(.‘(‘ts of prot.(H*.tivt‘ 
legislation, mainly in the interests of sport. Numbe^rs of birds and 
mammals which are useful or indispensabk^ to man ar(‘ now bn‘d 
and domesticated. Thus mans influence has l)e(‘n vmy ])ower{\d 
in the case of the larger terrestrial cre^atures, and to sonu‘ extont. 
this is the case in regard to soim^ mariiu'speci(‘s. St.idler’s s(*a“-eow 
{Rhytina) has become extinct since I78()i and ih(‘ manatee and 
dugong are becoming rare. It is lik(‘Jy too that thc‘ whales 
and seals will in the future become v(ay scarct^ if prott‘cti(ai is not, 
invoked in their behalf. But in the scvi th(‘ aivti to l)e (‘xp!oit(‘d 
is so vastly greater than on the land that th<‘ infliuauH' of man is 
only just appreciable. The fact that lu^ is still tlu^ Inmba* of marim^ 
animals shews that this is still the casix Fish(\s an* not l)red or 
domesticated because these measun^s are nt‘cessary iti ordi‘r t.o 
preserve them in sufficient numbtirs to afford food or ormumafl.. 
With few exceptions the sea is exploikxl in the twentieth eiuitury 
essentially as it was in post~te,rtiary g(M)logi<!al tinu^.s. If now 
cultivate oysters and a few other truly marimj animals it is for 
convenience, or because greater comnuuxual gain is so obtniiied, anti 
not because it is necessary to <lo so in order that tlu‘st‘ animals may 
be preserved in sufficient mimb(‘rs U) fiam tin* material of a fislua-y. 
The ^‘Harvest of the sea” is a nu*ta])hor that appi^als only to fin* 
nninstructed. In the ocean natun*. sows tlie whs! and man r(‘apH 
where he has not sown. 

But nevertheless the flshitig industry has un<hag<)ne Vi*rv 
much the same degree of elaboration ami speeialisation that H<mm 

^ lihytina was discovered on Beliring and Copper Islands, in tlui North Paeihe, 
by Behring and Steller in 1741. Forty years afterwards the last individuals of the 
species were extirpated by the hunters and traders who followed on the track of the 
explorers. 
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inanufactau‘(‘s \v<iyv (^xjn'riaticad in thi‘sinniuoius struggle for wcadtJhi. 

tlu‘ last CiUit-mT. 1'hongli it is (\ssinitially still tlu‘ art of the* 
huntin' y(‘t tln‘ na*! luxls i^volvtxl for t.lu^ eaptun* of niarint^ animals 
havi^ hisni gnsatly imju’oveil during tlu^ last f(‘\v dia-adtss of that 
era. Tlu* hshin'uuni hav<‘ dinsdixl a great amount of observation 
towards asetn'taining t>hi‘ habits of lislu^s and othm* (‘(‘onomii* animals 
with a viiuv t-o tlunr (‘a|>turt‘ in in<T(‘as(‘d numbm's ami fishing 


. apparat'Us is eontinually being improvixl. 

d1u‘ mi‘thods of moihn'U comnun'eial tish(‘rii*s ar(‘ of (a>ursi^ basisl 


on a. study id* tlu^ hal)its <d’ nnirim^ (*ri‘aturi‘s. Ibd.tian-living 
ni‘ktic animals an' i'aught- by im'ans of a])parat.us which work iui 
or ueai' thi‘ sea bottom: tlu'Si^ an' trawls, dnalgi's, lint's, bottt)m 
si't Ui'ts ami st'ines, t'rab and lobst.i'r ])ots and otlu'r dovict's. 
d'ruly bi'nthic animals art' caught by tht‘ sanu' appanitus, or by 
"^id.lu'r inarr spts'ial fiH'ins of fishing gt'ar such as tlu‘ t.angh‘S or 
swabs which an* ustsl to obtain t.Iu‘ nxi (’oral of comnun-ci'. Ikdagic 
animals are caught, by drift, in'ts, stn'ne nets, and lint's. Flanktonit; 
organisms havi' as y^d. no use in eommerct* and the hslu'rman is as 
^ a rule igimrant (d* tht'ir existence, (’xct'pt. such as form a nuisanci* 
^ to hinn 


It- is {{uiti' impiKssibh* to do imu'e than to indicati' the prin¬ 
cipal mtd.hods (ddishing pursued in tlu'seas round tht‘ British shor(\s. 
An ade(|nate ac<*ount of iishing gear has yt't to 1 k' writtt'u, but at 
any rate we are (‘tmcernt'd tiere md, so muc'h witli tht^ study of tlu^ 
iishing instnum'tits from tlu‘ point of vit'Wof tlu^ ])rofi‘ssional fisher- 
men as with tlu'ir inU'iH'st to tin*: naturalist in a study of tlu' general 
<’onditi«mH of life in tht‘ sea. So I will md.ict' tmly t.lu' principal 
typt's (d* iishing gt'ar. Tht'sc art' modifmations tjf tlu^ dri‘dj;|i.^, 
seine ind., trap and Urn*. The t-rawl and liiu' ftu' the Ixd.tom-living 
nt'kitm ami benUms, and tlu^ w'im' and liiu^ for tht‘ pelagic mdittm 
are the typt'H td'lislung apparatus. The trawl is now incomparably 
the most. imptU'tant <d’ tlu' instrunn'iits used in si'a fishing, and tht', 
histtwy of tht' <li*vtdt)pnu'nt t>f tlu' fishing industry during the last 
(ptarku’ td‘ the uim'k't'nth ct'utury is that of tht' continut'd improvm 
ment td* trawling vt'ssels and their fishing gtiar. All kinds of 
trawling vessels now ply tlu' st^as. Tlu'rt' is the; modt'rn steam 
trawl(»r, a rtdaiively liirgt' and powerfid vt'sstd commanded by an 
expert navigaUu' (for sht' has to traverst,' an (extensive sea-area) and 
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equipped with electric light and all the rertneini'iits of inodi^rn 
naval architecture which have strictly utilitarian objects. At- first, 
the steam trawler was an obsolete tug-boat but now she is a. st t^ain 
vessel sui generis. She is often fitted with automatic sounding 
apparatus, for the trawl is now used in much dc^eptu* wattu* than was 
the case not so many years past. Even a. short tini(‘ ago 50 tat.homs 
was regarded as the limit at which it. was possible^ to ust^ tliis 
fishing instrument, but now the trawl is often us(‘d in wat(‘r of 
100 fathoms, and there is little doulit tluit this di'pt.h will soon be 
greatly exceeded. Simultaneously with tlu‘. improvemtait of tlu^ 
vessel the trawl itself has been peidectcMl. Tln‘ modern st.(‘a,m 
trawler carries two trawls each of about 100 f(‘et spr(‘a(L While 
one of the nets is on the sea. bottom the otluu- is Ixmig made n^ady 
for shooting, and the fish just takcui an^. being gut,ted a,nd st owed 
away in the fish hold, so that the fishing iscarri(‘d on cont inuously. 
The trawl is hauled by means of two strong sba^l wire ro]H\s whi<*h 
are wound on the drums of the steam winch, a-nd a modern steam 
trawler may carry about a mile of win^ on each si<ltM)f t,lu‘ windlass. 

The traditional trawling vessel is th(^sma.ck, a. yaw 1-rigged vessel 
of about 80 tons burden, and mamuMl by four “ lu'uuls.” Slu‘ almost 
always carries a small steani’-engine for tin* purpose* of hauling flu* 
net, and working the sails, buttln* lat.tc'-r an* t.lu* sole uuNtns of proptd- 
sion. Not having the length of side nor tln^ room of t.lu* sf.eam vessel 
the smack carries the older beam trawl, but. this is nevi*rtbeless a 
large net which has a spread of about 50 fe(‘t of S(*a bottmu. Tlua-i* 
is little doubt that the sma(‘ks an?, passing aavay. Every year se(*s 
more steam trawlers on tin* fishing n*gisti‘r, and as t.ln* sma(‘ksar(‘ 
lost, or become obsolete*, tht*y luv. st*ldom rephu-ed by vessels ef 
their class. When they disappear the sea. will have beisane lt‘ss 
picturesque, and the population of our seaside towns will, t,o some 
extent at least, ha.vc det(*riorai(ul. 

Then we have the second class fishing boats. 'Tln‘S(* are half- 
decked vessels of about 10 tons in regisUn* and about 80 In 40 fo(‘t 
in length as an average. Tlnur (‘.rews consist of two men, a nmn 
and a boy, or one man aloin*. Tln*y carry a trawl whicdi <ltH‘s not 
usually exceed 30 feet in length. Sonu*tinn*s they may carry two 
shank nets, or even four of these fishing iristrumi'nts: in tin* 
latter case the vessel will tow one shank n(*t from over i*ach 
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quarter, and one from a boom rigged out over each side. The 
half-decked boats, nobbies, or by whatever name they are called, 
are very often very pretty and substantial little vessels capable of 
standing quite hard weather. Great care is often exercised over 
their design and construction, for they are used not only for fishing, 
but also for racing and pleasure sailing. On many parts of the 
British coasts an open boat is used for trawling. Sometimes the 
trawl is worked fi:om a cart, and the motive force is in this case 
derived from a horse which wades in the water up to its middle. 
The cart usually drags two shank nets. One sees this amphibious 
apparatus about the Southport shore, but in few other localities. 

All kinds of fish are caught by the trawl net. Even herring, 
which are pelagic fishes, are often taken in numbers by the trawl, 
though this is an instrument which fishes on the sea bottom as 
a normal procedure. In shooting the otter trawl of the steam 
vessels the net is dragged through the water for a short time 
while the ship steams slowly ahead. If then the net is shot 
among a shoal of herrings or other pelagic fish the latter are 
meshed and caught. Lately this method of working the otter 
trawl has been used by the Fleetwood trawlers who happened to 
be on their usual fishing grounds while herring were in the 
neighbourhood. But with this exception the fish caught by the 
trawlers are such as live at, or near to, the sea botto^i. The 
steam trawlers on the east coast of Britain catch vast quantities 
of haddock and indeed this fish appears to be their mainstay. 
Within the North Sea the principal fishes caught by the steam 
trawlers are cod, haddock and plaice, and then follow whiting, 
skates and rays and a host of other fishes in less abundance such 
as dabs, lemon soles, witches, gurnards, coalfish and many others. 
Outside the limits of the North Sea cod form the principal fish 
caught by the steam trawlers of the east coast ports and then 
follow haddock and plaice. Steam trawlers from the west coast 
fishing ports (Fleetwood, Milford and Liverpool) do not fish in the 
North Sea but in the sea to the south and west of Ireland, on the 
west coast of Scotland, and at times in Icelandic waters. Deep water 
is frequented, and we find that the hake, which is a fish living on 
the deeper fishing grounds, is the most abundant fish in the 
catches made by these vessels. The smacks are of necessity 
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restricted to the home waters and wc do not find them fishin(( outside 
the North and Irish Seas and the Channel. Plaice, \vhitin,i(, <la1)s, 
skate and ray form the bulk of the fish caui(ht by thtun. At. om* 
time prime fish, that is soles, turbot ;ind brill, wcax' th(‘ fish souij^ht 
for both by steamers and smacks, and most otlu‘r kinds fish 
were regarded as ^'ofial.” Although it is still consider(‘d a very 
desirable thing to catch huge (|uantitles of jn-inu' fish t.hey have 
not the relative importance in tht‘. hauls of th(‘ fishing boats t-hat 
they used to have. The dtanand for fish food has gn^at-ly imu'eascMl 
since the days when haddock wc're ngarded as offal, and tiu' fish¬ 
ing vessels are now obliged to bring in to t.!u‘ ma.rket.s Hsh(‘s whi(‘h 
formerly they rejected, such as anglei- fislu^s dogfishes 

and catfishes. Prime fish ar(‘ mostly caught, in the North Sea, 
the Irish Sea and the Chamu‘l (though not-ahlo (|uantities havi‘ 
been taken on the newm* fisliing grounds) a.nd tluT form a 
relatively more important proportion of the catehes of the smacks 
than of the steam vessels. 

The half-decked boats are more coiua'nual with (‘atclung shrimps 
and prawns than the fishes, though consid(‘ral)h‘ {piantit-i(\s of the 
latter arc often caught by them. Tlu‘S(‘ litth‘ boats an^ very 
vei'satile in their choice of (‘inploynumt, and shrimping, prawning, 
fish-trawling, lining, mackerel fishing, drifting, racing and pieasun* 
sailing all are practised by tlnau in thtar season. Nothing i*onu's 
amiss to them. The shrini]) trawl and tln^ fish trawl are int.or- 
changeable according to tin* cinaimsta.nci‘s of the nuumait. 
Prawning (for Fandalm, th(‘ “ pink shihup ”) is ralh<*r a sptK-inlised 
form of fishing and is canhal on more or hsss constantly by a. 
number of half-decked boals in some lo(*a!itit*s, lu^ar Ph*et.wood ft»r 
instance. The catcln^s of th(‘ prawn and shrimp boats are idltui of 
much interest to the naturalist, for tlu‘ n^striettal size of tlu* m(\sh, 
and the employnuait of tlu‘ n(‘t in what is piaiiaps the most 
densely populated part of the si^a, give a eat-(di whicdi usually con¬ 
tains many organisms of int(‘rest. To the naturalist tlu* hauling 
of one of these nets is always an optu'ation of an instruciivi* kind. 
Hosts of the smaller immaturtj fish(*s such as dabs, plai<H% soh‘H, 
whiting, codling, and other gadoid and flat fishes are caught in 
numbers which depend on the locality, the season and iht' weatluut 
Small inedible fishes such as sting fish, dragoiuds, solmudl.es, sand- 
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eels, pogges, suckers, sticklebacks, gobies and many others are 
taken as a rule. The invertebrates of the shrimp and prawn 
trawls are always very abundant, and are often varied in their 
nature. Crabs and starfishes are nearly always abundant when the 
shrimp trawl is used, and these creatures are of course represented 
also in the catches of the prawn boats. Since the latter work on 
rougher gi'ound than the shrimp boats, weeds and zoophytes are 
also taken, with the usual invertebrate fauna which is associated 
with these organisms. Greater novelty is thus exhibited by the 
prawn, than by the shrimp trawls. 

Next in importance to trawling comes lining. The employment 
of lines is probably an older form of fishing than trawling or 
seineing, and even now when the liners are very gradually being 
superseded by the trawlers the former are still of considerable 
importance so far as the supply of fish is concerned. But the 
older line boats were vessels of very unpretentious build and 
equipment, whereas the newer line boats are vessels of much the 
same kind as the modem steam trawlers. The long-line used by 
the newer lining steamers is a fishing instrument of some magni¬ 
tude. Each line carries a number of short pieces of rope to which 
the hooks are attached. These are the ‘"snoods,” and they are 
fastened to the line at intervals of about six feet. The baits 
employed vary according to the nature of the fishing and the 
convenience with which the bait animals are obtained. Shelled 
mussels, herrings, whelks, squids and other animals are the more 
common baits. They are put on the hooks ashore and the baited 
lines are then coiled up neatly in tubs, the separate layers 
being kept apart by bent-grass or some other substance. As line 
after line is shot overboard the ends are fastened together until as 
much as six or seven thousand yards of rope are on the sea bottom. 
The whole is weighted and buoyed at intervals. Usually it is shot one 
day and fished the next one. Often the bait is taken by some small 
fish and then the latter is taken when on the hook by some larger 
piscivorous fish. Often the line cannot be fished for several days 
on account of bad weather, and then hosts of squids or dogfishes may 
attack the fishes on the hooks and spoil them. Quite a different 
assortment of fish are taken by the longdines. In the North Sea 
cod, ling, haddock, skates and rays are, in the order named, the 



110 


THE SEA-FISHEEIES 


[part I 


principal fishes caught. During the last few years steam liners 
have increased greatly in number and now go beyond the limits 
of the North Sea proper to the north and north-east of Scotland, 
where the halibut is the most valuable fish caught. Then come 
cod, ling, skates and rays, tusk (Brosmvus), and other fishes in less 
abundance. I am speaking so far of the larger line boats which 
are comparable in their equipment and personnel with the steam 
trawlers and smacks. But all round our coasts short lines are set, 
and this form of fishing carried out from small boats is often of 
considerable local importance. 

Quite different methods are followed in the pelagic fisheries. 
Here we have to catch nektic animals which inhabit all strata 
of the sea from the bottom to the surface. The principal pelagic 
fish is the herring, and then come the mackerel, pilchard and sprat. 
Herring fishing lasts all the year round, for the great shoals visit 
in a rough sort of succession all parts of the British coasts from 
Stornoway round the north of Scotland and down the east coasts 
of Britain. Smaller fisheries take place at various parts of the 
coast; in the Firth of Clyde, round the Isle of Man, in the English 
Channel and to a limited extent off the coast of Wales. In nearly 
all localities herrings are caught by drift nets, which arc perpen¬ 
dicular walls of netting, connected together to form “fleets” or 
“ trains ” each of these being about 8 yards in depth and often two 
miles in length. The nets are weighted and buoyed and sunk to 
the depth at which the fisherman judges the shoals are situated. 
They are not attached but drift with the tide, and the fishes 
striking against them are enmeshed by the gills. Sometimes (in 
the Clyde) a seine net, “ circle net,” or “ trawl net ” is shot i-ound 
the shoal, or part of it, and is then hauled enclosing the fishh 
Mackerel are caught either by nets or they are trolled for by light 
lines sunk a little below the surface, the hooks being baited with 
pieces of mackerel skin, pieces of tin or any other glittering object. 
Pilchards are taken off the coast of Cornwall by large seine nets 
which are shot round the shoal from a boat which rows out from 

^ No more interesting account of the herring fishery has ever been written than 
that by Fulton in the A^m. liep. Fishery Board of Scotland for 1809, Pt. ni. 
pp. 242—271. Methods and legislation are alike discussed in a manner seldom 
seen in fishery memoirs. 
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the shore carrying one end of the net. Both ends of the latter 
are then on shore and the net is slowly dragged inwards until it 
touches the sea bottom and the fish are taken out from it by a 
smaller net. Sprats are taken in seine nets, or at times in special 
nets of large size. The great herring fishery is one which always 
goes on, for though the shoals visit the fishing grounds at different 
times of the year the fishing fleets follow them. The whole 
industry is one of considerable dimensions, for with the fleets of 
fishing boats go the curers, gutters and coopers, since a large 
proportion of the fish caught are at once cured, packed and 
exported. The herring fishery thus gives employment to a 
very large number of people, and at times the fishing ports present 
a very animated appearance. The mackerel fishery is of much 
less importance and, except in Ireland and at Milford, is carried 
on locally for the most part. So also with the sprat and pilchard 
fisheries. 

Then we have a number of methods of fishing which have 
little general importance. Set nets, stake nets, gill nets, trammels, 
fishing-baulks and weirs are all in use round the British coasts. 
Taken collectively these methods of fishing are not unimportant, 
but they do not count for much so far as the supply of the great 
markets is concerned, and the fish caught in these ways are mostly 
sold locally. Set nets and gill nets are simply nets which are 
constructed much after the manner of a drift net but are moored 
near the sea bottom. Fish striking against them are meshed by 
the gills. So also with the trammels, though these are often 
buoyed like the drift nets and the fish are made to strike against 
them by beating the surface of the water with oars, or other things 
calculated to set up vibrations in the water and so frighten the 
fish and cause them to swim against the trammels. Stake nets 
are of more importance than either of the foregoing methods. 
They are long low walls of netting which are set on wooden stakes 
driven into the sands. They are arranged in straight lines at 
angles with each other so that the tide runs athwart them towards 
the corners, where there are usually pockets. Baulks are hedges of 
wicker work arranged on strong wooden stakes. So also are fishing 
weirs. Stake nets, baulks and weirs are set at the margins of 
channels or on sandy flats so that they are exposed at ebb tide 
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when they are visited and fished. Usually they are owiK'd a-nd 
worked by men who are not regular fishermen but who a,ng“iiu‘nt 
incomes derived from farming or other forms of ca,sual em])loynH‘iiit, 
by occasional fishing. Baulks and weirs are ratluu* destruetive 
“fixed engines,” that is they arc quite indiscriminat.e in ibeir 
action and often take large numbers of small fish of or no 

economic value. To the naturalist they are interesting a,]>pa.ra,t us, 
but they are generally discouraged by tht^ fishery adnu'nist-rators 
and are maintained in virtue of some fishing right enjoyi^d by t.he 
land owner. 

Steam trawling, steam lining and steam drifting an‘ th<‘ organ¬ 
ised sections of the fishing industry of these ishinds. Th(‘ <*eon(jmie 
changes in progress at the [)resent day ap|)a,rent.ly nn'ike for 
absorption of the greater part of th(3 fishernum into one or ot lua- 
of these forms of fishing. Steam trawling is earri(‘d on by limit {‘d 
companies, and even many of tlu^ smacks an' owm*d likewist'. St^ 
also with the steam liners a.nd drifb'rs. Most of tJie herring boats 
and many of the smacks are owned by tht' men who sail t.lu'!u,and 
often the ci^ews are part owners of tlu^ craft tiny saj’l in and are 
connected together by ties of relationslnp. Practi(‘ally all of tlu' 
smaller second class boats an' owni'd by those' who work thetu. 
This is as it should be, but it may Ix'. obst'rvc'd that the tisln'rmen 
who work the smacks, tlu^ sailing litu'rs and drift('rs and the 
second class boats are, judged by modi'rn conum'reial ideas, the 
unprogressive portion of the fishing population. Tluy an', as a. 
rule, mahogany-laced, broad-cdu'sted and heavily-built, men who 
are usually very comfortabh' in tlu'ir ein'umstam't's, and may l)e 
classed as a littkmibovt^ tln^ ordinary man who lives in the towns 
and follows sonui artisa,n form of <'mploymcnt. Many cf l.hmu 
own their houses and not a lew tin' boats tiny w«jrk. fidu' fisher¬ 
men who work in the sh'mm'rs do not. ))osst*ss tlu' well-marked 
characteristics of tln^ class I hav('just ahmh'd to, and (‘onstitute a. 
group of the fishing population which is fast appn>ximating towards 
the class of sea-faring mc'ii who an^ hi Ix' found in the stok(*-h<»l(*s 
and before the mast in our modc'rn cargo steame!-s. Thv sti‘a.m 
trawlers are to a very great (‘.xh'ut tnamu'd by tIios(‘ who have 
not the training of the fisherman who has bei'n brought up 
under sail. Many have not the hardihood to follow tlu^ rouglu'r 
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though inort*- independent life of the smacksman. Probably in a 
few years the steam trawlers will be manned by Chinese and 
!jas(‘,arH. But many good things may be said of the inshore fishing 
[)opulation. Excluding a few who are shiftless and incompetent, 
who hav(^. sick('n(‘d of routine work of some other kind, who work 
on farms, on tlu^ <{oc*ks, or wherever casual employment is to be 
found ; and including those astute longshoremen who cater for the 
wants of thc‘ seasich^ visitors, they arc a fine class of the littoral 
population and possess (puilities which are much too valuable to 
the uat.iou to ])e sacrificiMl iu order that the fishing industry may 
be run on modm-n ciunmm’cial lines, and that dividends may be 
regularly paid. 

Conditions of iuuployment vary so much round the coasts of 
(treat Britain that it is (piite impossible to notice all here. The 
stream trawling industiy, with its command of capital, is fast becom¬ 
ing pn'dominant, an<l tlnu’e is little doubt that the other steam 
fishing methods will soon be similarly organised. The steam 
trawha’s often make; long voyages, and often short stays in port, for 
it is (\sst‘ntinl that fish should be caught. The men (apart from 
skippta's aiul mates) are paid regular wages; they often have '^trip- 
money,” and sonud.inu‘B a small percentage on the results of the 
voyage; and tiny an^ allowcal the "stocker,” that is the livers of the 
tisln^s a!id sonn* of tln^ k^ss valuable species of the latter. Usually 
ilnh* food is pnnddtHl either by the skippers or owners. It is a 
hard and monotonous life but does not include the same severe 
manual labour as on the smacks. The smacksmen are paid by 
wagi‘H ami slmres, and often entirely by the latter method. Their 
lifi‘ is rotighi^.r than that of the men who work the steamers, but 
posHcsses many advantage's. They have longer stays in port, thus 
many of tln^ smacks put into harbour over the Sundays, and with¬ 
out niH:i‘ssarily texpressing Sabbatarian principles one could wish 
that this system Winv. a univm-sal one. Then rough weather often 
means a somewhat welcome spell in harbour, and rest is thus 
oftimer secunsl than in the case of the steamers. Legislation, 
which has abolislu»d the infamous trade- of the "cooper,” has helped 
iheun in many ways; anel both ste-am trawlers and smacksmen 
must have- beaudit-eMl greatly by the work of the Mission to Deep- 
St-a Fisht?niu‘iL 1'he smalh-j* sailing boats are as a very general 
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rule owned by those who sail them, and the conditions of employ¬ 
ment with regard to them are of the simplest kind. They, and 
many of the smacksmen, sell the fish which they catch, but in thc^ 
process of selling how much of the profit must find its way into 
the pockets of the loud-voiced, corpulent fish-buyers, those mi<l<l!(‘- 
rnen who are to be found wherever fish are landed? To tliosit 
who care to investigate this economic question I rccoiumend a, 
comparison of the prices they pay their fishmonger mth tin* 
tables of average values which are to be found in the r(‘])orts of 
the Inspectors of Fisheries. 

Finally we have the fishery for the truly benthic^ animals. 
These are shrimps, prawns, crayfishes, crabs and lobsters, wilk 
some other rarer Crustacea and the mollusca—the oysters, miissiTs, 
cockles, periwinkles, whelks, &c. The crabs and lobsters art^ 
caught in pots or creels, which are baskets of various shapins 
and sizes, or in ironwork frames covered with strong lU't/t.ing. 
The openings of these traps arc funnel-shaped orific(\s into 
which the unfortunate crustacean, which is attracted by (Ju^ 
piece of fresh or putrid fish inside the pot, finds it-s way. 
The creels are set well below low-water mark on a rocky shores 
are buoyed and moored, and are fished regularly. Prawirs 
{Palaemon), crawfish {PaliniLrus), whelks {Fu$m and BucciHia/i) 
are also caught by baited pots. Then we have tlu'. gat,lu‘rers 
of shellfish. All round our coasts multitudes of mcm, wonuai 
and children are engaged in gathering cockles, mussels and 
periwinkles. The cocklers^ go down on the sands as the‘ tidi^. 
recedes, sometimes singly, sometimes in parties accompanit'd by 
a horse and cart, and they scoop out the shellfish from the sand 
with a kind of toasting-fork, or I'ake them up with a small 
garden rake fixed at the end of a long or short shaft. Then tlu'.y 
wash and riddle the molluscs to eliminate those which are below 
the minimum legal size. They can work on the sands for a f(*w 
hours only during the twelve, but these include any of the twianty- 
four except the darkest; are endured in all kinds of weather, and 
at all times in the year; often mean hardship and discomfort 

^ There is a very good account of the cookie fislieries of Morecambe Bay in the 
Pall Mall Magazine for September, 1896. If the reader can procure this it is well 
worth reading. 
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Avithout th(^ stimulus of danger; and are too often rewarded by a 
bnv p<istage stamps sent by the “commission agent.” Mussclers go 
on th(‘ sears at low water and gather the fish by hand, or rake them 
up ; or tht‘y sail over the mussel bed at the time when the latter 
is just (a)V(‘red by the (jbb-tide and rake up the molluscs by means 
of tln‘ “long (‘raam,” a Inaivy rake which is fixed at the end of a 
viay long wooden poh^. They too must observe a minimum size 
and also a “ close season.” Thty havci most of the hardships of the 
cockicu’s and ofbai us little remuneration. Periwinkles are simply 
pi(‘k<Ml u]> l)y hand, and thos(^ who (%at these luxuries should reflect 
on tlu' labour of ]>icking up a hundred-weight of these shellfish, 
aaid then <d' carrying this W(ught in a bag on the back over perhaps 
a. mile or two of sand; a,nd further on the adequacy of a payment 
of jKubaps fiv(‘ shillings I’or this load. Oysters are now largely 
im])ort(‘(l from America, France or Holland and arc relaid by 
lh(‘ fish nnu'chants, and fattened for the markets in selected creeks. 
^rhor(‘ an‘ still Fngli.sh natives to he had for dredging, bnt the 
mothod of imporbation is so well adapted for industrial organisation, 
and our tariff system is so convenient that the fishery for the 
nativi‘ oysi.er is, in ttiany plaetis, no longer in existence. Shrimps 
ar(^ ofUui caught by the '‘pow(w an unwieldy semicircular net 
whi(‘h is puslu^d by a man who wades in the water. He carries 
a basket on his back and into this he dumps the collection made 
by his m‘t. (hmerally Im looks the picture of misery when so 
t*ngnged, and no donbt his appearance is a good index of the 
gmuu’al (U'.gnH^. of prosperity which attends this method of fishing. 
Shrimps too are often caught by means of “ hose nets,” which are 
t.ube-shapt^d ne.ts kept open by m(‘a,ns of rings, and stretched out 
on th(^ sands in the tide-way. Mussc^ls, cockles and periwinkles 
mv mid alive, th(j Iavo latter exclusively for food, but many tmissels 
art‘ ns(‘d for bait for th(i long lines. A large proportion of the 
shrimps which are (‘.aught in England arc sold fresh, but a 
considcu-abhi (juantity are also pottc^d by being shelled (deprived of 
tb(‘ir (tarapac(^s), hoiked in butter and put into little dishes. 
Ibtccntly a considerable trade has sprung up with Holland in 
.shrimps. Tht‘. crustac(‘ans are imported in scuiled tins or otherwise, 
afti‘r pickling in a boracac acid brinii, and they are potted in the 
same manner as English shrimps. It might be wrong to suggest 

8--2 
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that they are sold as such, but this is not an iinixmsiblt^ trans¬ 
action. The importation of T3utch shrimps is one inanift\statiun of 
the effects of our fiscal system on which Houthp(a-t Mirnmni hold 
strong opinions. 

The shellfish gatherers arc, in the language' of Mr Wells, the 
“Abyss” of the fishing industry. It is tnu' that V(‘rv many c^f 
these people are fairly prosperous, and ap]>ar('ntly ('arn a stiflieif'iK'y. 
but nevertheless one meets with the “dn'gs” of the fishing 
population among the people who gatlu'r mussels, eo(*kh‘s, and th<' 
like. They work hard, endure much physical dist'omforts and are 
generally poorly paid for it. No one troubles about, tlu'in, anti 
restrictive legislation only inflicts hanlship upon tlu'in, in many 
cases, without producing any obviously useful rt'sults. Some day 
perhaps machinery may be ('volved for the collt'ction of tht' slndl- 
fish of our shores. Cockles ma}- be gatlu'H'd by S(>mt‘ phutghing 
of the sands, and mussels will be dretigiul by motor boats. Tin* 
industry will then be systematised anti nnlut't'd in onlt'r, but 
whether the shellfish gatherers will be greatly bt'iudited may w<'n 
be doubted. 



PART II. 

QUANTITATIVE MARINE BIOLOGY. 


CHAPTEE VI. 

QUANTITATIVE PLANKTON INVESTIGATIONS. 

Mabine biology is one of the last of the sciences that has 
adopted quantitative methods. This is not because the study of 
natural history is an unprogressive one, but just because an 
enormous mass of descriptive work had to be done before the exact 
methods of physical and mathematical science could be applied to 
the solution of problems of a general nature in marine biology. 
There are probably ten thousand species of fishes which inhabit the 
seas and fresh waters of the earth, and the fishes are only a group 
of the vertebrata, while the latter form only one of the smaller 
sub-kingdoms of animals. All the many hundreds of thousands of 
animals had to be collected, described and named; and as many as 
possible of their life-histories had to be investigated before it was 
possible to attempt any research into the inter-relationships of the 
different groups. Now all this work was comparative. There are 
no absolute standards of structure or relationship, and so it has not 
been possible, until very lately, to deal quantitatively with specific 
or morphological characters. 

Then we have had fashions in zoological investigation. Prior 
to the publication of the Origin of Species the methods of 
natural history were, on the one hand, those of the collector and 
systematist, and on the other, the methods of the comparative 
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anatomist. Collections of animals from all parts of the world 
were made and described, and the species so obtained were named 
and classified. The names of a whole army of workers will occur 
to the student in this connection. The older human anatomists 
were they who concerned themselves with the structure of animals 
other than man: such were John Hunter, the three Monros and 
many others. When however the conception of evolution, as the 
result of processes of natural election, became generally accepted 
then the study of morphology became the fashion, and zoologists 
sought in the results of comparative anatomy and embryology the 
keys to the inter-relationships of the great groups of animals; 
Anton Dohrn and Huxley set this fashion. But the field of phylo¬ 
genetic speculation was destined to prove a somewhat sterile one, 
and it has to be confessed that the study of such things as gill- 
shts, coelomic cavities and the like, has not afforded the results 
that were expected. In recent times it has become recognised 
that the older methods of morphology are alone inadequate for 
the solution of the question of the historical development of 
animals, and we have attacked this question on the one hand 
from the point of view of palaeontology, and on the other by 
statistical and physiological methods of inquiry. 

The study of variation began with Darwin. But during the 
last two or three decades the variability of animal structures has 
been studied mathematically by Karl Pearson, Galton, Heincke, 
Duncker and others, and this branch of zoology, biometrics, has been 
developed to a very great extent. The rediscovery of Mendel’s 
laws of inheritance led also to the development of quantitative 
biological methods. The results of the oceanographical voyages 
had the same effect. This science originally concerned itself with 
the determination of the areas, depths, currents, and the physics 
and chemistry of the oceans. But soon biological and oceano¬ 
graphical investigations were carried on concurrently, and it was 
found that much was to be learned from the consideration of the 
occurrence of marine organisms in relation to the physical and 
chemical conditions of the sea areas in which they were to be 
found. This led to the attempt to investigate the distribution of 
animals as far as possible in a quantitative manner. But there were 
very great difficulties in the way of investigating the distribution 
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of the benthic population of the sea in this way, and it was 
thought by Hensen and his pupils that a quantitative study of 
the plankton would probably be attended with some measure of 
success. 

The Hensen Methods. Hensen tells us that he sought to 
devise methods by which the answers to two questions might be 
given: (1) what quantities of living organisms in the form of 
plankton does the sea, in a given area, contain at a certain time ? 
and (2) how does this quantity of plankton vary from place to 
place, and from time to time ? He studied the plankton because 
it is here that the greatest mass of life is to be found, and 
also because it is only the plankton which is apparently capable of 
receiving quantitative treatment. In order to supply the answers 
to the questions propounded it was necessary to devise some means 
by which it would be possible to filter a known volume of sea¬ 
water so as to remove all the organisms contained in it, and to do 
this expeditiously so that the experiments could be carried out 
over a wide sea area. It was indeed possible to make comparative 
estimates of the amount of plankton contained in the sea by the 
use of the ordinary tow-net, but even at the best such estimations 
can only be very imperfect ones. Plankton might be collected in 
quantity and the quantity might vary from place to place and 
from time to time, but a detailed consideration of the methods so 
involved will shew that the quantity of material so collected in 
the nets depends so much on uncontrollable circumstances that 
even the comparative results so obtained may be of little value 
from a quantitative point of view. 

It is obvious that the amount of material taken by a tow-net 
will depend on the length of time that the net has been hauled 
through the water. This can, of course, be regulated very exactly. 
But the catch of the net depends on the amount of water which 
passes through the meshes, and this depends not only on the length 
of time that the net is hauled but also on the velocity of the haul. 
It is very difficult to cause a vessel of any size to travel through 
the water at a constant rate unless she is going fast, and it is 
necessary that the nets should be hauled slowly. If the vessel 
travels slowly less water will pass through the meshes of the net, 
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and the latter will also sink a little below the surface of the sea 
and so fish in a different water layer. If she travels fast then 
more water will pass through the net but this will then rise to 
the surface, or even a little above the latter. Wherever there is a 
rapid tidal stream additional complications are introduced, for if 
the vessel travels against the stream more water will pass through 
the net than if she travels with the stream. Then the velocity of 
the tidal streams varies with the time between the neaps and the 
springs, and on a much indented coast its direction also varies 
considerably. If the net fishes at the surface the effect of tht^ 
wind must also be considered, for the force of the latter is a factor 
of some importance in augmenting the velocity of the tidal streams. 

It is theoretically possible so to regulate the speed of the 
vessel as to counteract the effects of the variable flow of water, but 
anyone with experience of this work will see how difficult this must 
be. One is perhaps safe in saying that it is practically impovssiblc 
to avoid the effect of the tides, and to ensure that the same amount 
of water always passes through the tow-nets in each haul of the 
latter. This is one obstacle to the employment of the ordinary 
surface tow-net for quantitative estimates of the abundance of the 
plankton, but there is another which is even more inconvenient 
and difficult to avoid. It is well known that there is a vertical 
movement of the organisms composing the plankton and that this 
vertical migration may take place very rapidly, so that planktonic 
creatures present at the surface at one time of the day may b(‘. 
absent an hour or two afterwards. The alternation between day 
and night, and even between a dull and a bright sky, will produce 
these differences, and there is probably a more or less regular 
diurnal variation in the plankton of the different water strata of 
the sea. Changes of temperature will also lead to considerable 
variations, and so it is necessary that wc should consider the 
direction of the wind if we wish to employ surface tow-nets to 
obtain estimates of the abundance of the plankton. In our seas a 
north or east wind will chill the surface and a south or west wind 
will warm it, and we will usually find corresponding differences in 
the nature of the plankton taken. Taking everything into- 
consideration it is evident that the surface tow-net is of little use 
in quantitative plankton fishing. 
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But if instead of towing a net along the surface of the sea we 
sink it down to the bottom and then haul it slowly up again we 
get rid of most of these disturbing factors. The net can be 
hauled by means of a steam winch, the speed of which can be 
exactly regulated, and thus we ensure that the same quantity 
of water always passes through the net. It is possible to calculate 
very approximately what this volume of water is, so that we can 
say that the catch made was contained in a certain portion of sea. 
The haul can be made very quickly, and while it is being made the 
ship is drifting with the wind and tide so that the effects of these 
are eliminated. Further the net fishes through the water from 
the bottom up to the surface and thus it does not matter in what 
horizontal stratum of the sea the plankton is contained. Also the 
amount of plankton taken in such a net is usually small, and this 
is an advantage, for we can then work through it exhaustively 
without considerable labour. This is the principle of the Hensen 
method. The net is very exactly constructed; it is hauled up 
vertically from the bottom of the sea to the surface; and its 
“constants” are determined so that it is possible to calculate what 
volume of water passes through its meshes t 

The Hensen net. In Fig. 24 I give a diagram of the newest 
form of the Hensen net. The apparatus measures about 7 feet 
from the opening to the extremity of the bucket. It is made of 
three parts, the headpiece, the net, and the bucket. The basis of 
the whole is an iron ring of 1 metre in diameter. Three iron 
stays connect this with a second iron ring which is 36 cm. in 
diameter: between these two rings is stretched a piece of strong 
white fustian, and this part, which has the shape of a truncated 
cone, is the headpiece. 

The bucket has various forms. Sometimes it consists of a 
strong glass cylinder which is about 36 cm. in length and about- 
20 cm. in diameter. This is contained in a strong iron holder, at the 
upper end of which is a brass ring which is provided with three 

^ The net and the subsidiary apparatus are described in Hensen’s first paper^ 
“ Ueber die Bestimmung des Planktons” &c., in 5 Ber, Komm. Wiss, Untersueh. 
deutschen Meeres, Berlin 1887; and in “Methodik der Untersuchungen,” Ergelnisse 
Plankton-Expedition, Kiel, 1895. 
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brass screws which can attach the bucket to the net. In the most 
elaborate nets the bucket is a cylinder made of two parts. The 
lower part is a copper cylinder, the bottom of which is a short cone 
terminating in a stop-cock; and the upper part is made of the same 
silk as the net itself. The metal part of the bucket is tinned on 
the inside and painted on the outside. Sometimes the upper silk 
part of the bucket is dispensed with and then this part consists 
only of the metal cylinder and stop-cock. In the figure the more 
elaborate apparatus is represented. The lower part of the guard 
is an iron ring which prevents the stop-cock from coming into 
contact with the mud at the sea bottom when the net is lowered 
until it touches this. 

The net is made of Miillergaze ” (or hotting cloth), a fabric 
which is used by millers for separating the various grades of flour. 
It is made of very fine silk thread and the meshes have various 
sizes. In fishing for the larger planktonic organisms the coarser 
cloth is used, but when it is desired to catch the very smallest 
things in the sea the cloth is selected which has the finest mesh 
obtainable. The mtillergaze used in the vertical Hensen nets is 
usually that numbered 20 and this has, on the average, about 
5900 meshes to the square centimetre. The length of side of 
each mesh is about 0*05 mm., and the area of the mesh is about 
0*0025 sq. mm. The shape of the mesh is pentagonal and the web 
is so constructed that the meshes are all very similar and cannot 
easily be distorted. 

The cloth is cut so that, when the two straight edges are sewn 
together, the net when opened out has the form of a long truncated 
cone. The wider end of this cone is 100 cm. in diameter. It is sewn 
to a piece of canvas and this is attached to the iron ring which 
forms the base of the headpiece. The smaller end of the net is 20 cm. 
in diameter and is also attached to a strong piece of cloth which 
is sewn into a piece of fustian which is folded over a brass ring 
which screws on to the upper part of the bucket. The net itself 
is not strong enough to stand the strain of hauling and the bucket 
is carried by another net made of strong twine, and having coarse 
meshes. This net is laced to the base of the headpiece and to the 
brass ring which forms the lower part of the net. Outside this 
net again there are a number of ropes which give additional 
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security. The external net and ropes also protect the silk net 
from accidental injuries. 

The apparatus is used in the following manner. To the upper 
ring of the headpiece are attached three bridles and to these is 
shackled the rope or steel wire by means of which the net is 
hauled. A light derrick is rigged out from the mast, and to the 
end of this is fastened a block over which the rope passes out. 
When the net is used from a heavy vessel, or in rough seas, the 
block over which the rope passes is not directly fastened to the 
derrick but is connected with the latter by means of an accumu¬ 
lator, or dynamometer, in the same manner, and for the same 
object, as in the case of deep-sea trawling or sounding. The rope 
may be marked as in the case of a deep-sea sounding line, or it 
may pass out over a ‘'metre-wheel,” that is a wheel provided with 
a counter which indicates the number of metres of rope which 
have passed over it, and therefore the depth to which the net has 
been sunk\ When the apparatus is to be used the ship is stopped 
and brought round so that if a sea is running the net may be 
lowered over the windward side. It is then lowered when the 
ship rolls over to windward, so as to avoid the possibility that 
it may go under the keel and in hauling foul the latter. If tlu^ 
ship drifts too much to leeward while the net is being lowenul 
then the rope will lead out at an angle from the side and the lu^t 
will not fish through a vertical column of water. But if a sea is 
running it may not be advisable to use the net at all. 

The apparatus is hauled by the steam winch so that it is 
brought up to the surface at an even speed, and the time of hauling 
is taken so that the amount of water passing through th(j net 
may be calculated. The net is swung in on deck and the catch is 
removed. In the Hensen procedure the cock at the bottom of the 
bucket is opened and the catch is run out into the "Filtrator.” 

^ On board a small ship and in shallow water the gear may be simpliiied. 
In the Lancashire fishery steamer, John Jj'ell, the net is hauled from an ordinary 
boat’s davit specially mounted for the purpose. This is swung out and in by 
means of guys in the ordinary manner. Both metre-wheel and accumulator are 
unnecessary in a small ship and in shallow water. If a steel wire rope is used 
this may be marked simply by painting with coloured paint at every five fathoms. 
When this paint is allowed to dry into the strands of the rope it is not easily 
rubbed off. 
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This is re|)r<»st4)[ti‘(l in Fig, 25 an<l ronsists of a metal funnel 
\vhi<^h tenninak's in a cylinchu' which is madt* of the samii silk 
wliich is ustMi for the net fabric. Ilu' lower end of tliis cj'liudtn- 



is a ground brass ring which is tightly scr(‘W(‘d down a glass 
plati‘ from which it can In* d(d4U‘lu‘d. Tlu^ conbrnts of the bucket 
an^ r\m into the hmnel and the waUu- jyass<‘H through the silk 
of thi‘ cylinder whih* the cab*h remains on the. glius.s plab^ After 
tht‘ net. has beim discthargisl it is waslusl on the outsidt* with a 
stream of water from tln^ liom* sty as to wash dtnvn into tlu^ bucket 
any orgatilsnis which an* attat^htsl to the inbubu* walls tyf tlu^ 
apparatus, ami tin* bm‘k(‘t is again muptitsl into the liltrab>r. Tlu^ 
framt‘ tyf the filtraba is ilnuj unHcrt‘Wi»d and tht‘ eatcJi is removtsl 
frtym tln^ glass plabu bottltHl and laln*ll(‘db 

I On hoiird tlte Fell Iht' we of tlit' filtrator lian bet^n diHpenH<*d with 

witlumt dtitrinuait, Wlani thn lu't in hauh‘d tlu* aouttstlH of tho laickot art' Hinijdy 
ran out into a Hitlt* nilk not about ihrt'u inriu'H in thaaudor and about six incdwH 
long. To tho tiwide of thin not a silk in attadwd ho that it can ctue 

vtuuontly b; turned outnido in. Tluj cattdi ivtuains at tho apex of this little net. 
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All the water which enters the net does so through the smaller 
opening of the headpiece. This is much smaller than the gieat- 
est diameter of the net, and its area is from l/28th to l/46th 
of that of the total filtering surface of the net. The object of this 
arrangement is to allow the water which enters the net to pass 
through the pores of the latter with as little pressure as possible, 
and so avoid the destruction of delicate organisms, or the 
lodgement of the smaller things caught in the meshes. No 
filtration takes place through the fabric of the headpiece which 
is made of impervious fustian. The practical advantage of the 
headpiece is that if the net should touch the sea bottom when it 
has been lowered the lai'ger iron ring rests on the bottom deposits 
and none of the latter enter through the opening. The head- 
piece has also several other objects. The net has now been 
hauled through a column of water the height of which is equal to 
the depth to which the apparatus has been lowered, and the area 
of cross section of which is that of the opening of the net. But 
it will be obvious that all of this column of water has not been 
filtered through the meshes of the apparatus because of the 
resistance offered by the fabric of the net. How much of the 
column of water does actually pass through the meshes and is 
filtered ? It is obvious that only a fraction does so pass and it is 
next necessary to determine what is this fraction. We have to 
find now what is the filtration capacity of the net, and this is 
calculated from a knowledge of the amount of water which 
passes through the silk at a pressure which can be determined 
from the size and form of the net, and from a knowledge of the 
rate at which the apparatus is hauled up through the sea, a rate 
which can very easily be observed^. Once the constants of the 
net are known the volume of water which is filtered in each haul 

The latter is then turned out, the plankton adhering to its sides, and it is then 
rinsed into a quantity of preservative contained in a wide-mouthed glass jar. 
The last trace of plankton remaining on the silk is washed off from the latter 
by a fine stream of preservative directed on it from a wash-bottle. A very simple 
filtrator is used by the Heligoland naturalists; this consists of a brass ring 
three inches in diameter and three inches deep. On one end of this a piece 
of silk miillergaze, similar to that used for the net, is fastened by a strong rubber 
ring or band. The contents of the bucket are run into this apparatus ; the silk is 
then detached and folded up and put into a bottle containing the preservative. 

^ See Appendix. 
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is easily calculated, and the error resulting from this estimation 
probably does not amount to very much. Now, at this stage of 
the investigation, we are able to say that the catch obtained has 
been contained in a water column extending from the surface to 
the sea bottom and of a definite cross section. This cross section 
is always a fraction of a square metre and it is easy to calculate 
the amount of plankton which has been contained in a column 
of sea of the depth in situ and of one square metre in cross 
section. 

One condition limits the use of the apparatus just described. 
It is necessary that it should be used from a vessel which is stopped, 
and therefore it can generally be used only on vessels which are 
intended primarily or exclusively for scientific work at sea. But 
it would be a very great advantage if some form of plankton net 
could be devised which could be used from a steamer travelling at 
full speed, for in this way it would be possible to utilise the 



services of merchant ships traversing all seas. Several such 
methods of collecting plankton are in common use, but it is difficult 
to devise a means of quantitative fishing such as would yield the 
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results given by the vertical nets. In 1888 Hensen devised the 
''Korbnetz,” an apparatus which could be so employed. The 
Korbnetz (Fig. 26) consists of a strong metal case shaped like an 
inverted cone, and pierced with two small holes at its base. The 
truncated apex of the cone has a rim, and to this rim is screwed 
a metal ring which is covered with fustian. A hollow metal 
cone is attached to the ring so as to leave an annular opening 
between it and the ring. The net is towed by a rope which is 
shackled to the cone. When it is being towed the water pass(\s 
through the annular opening into the net, distending this and 
then passes out again into the sea through tlu^ two small holes in 
the base. 

The Petersen-Hensen quantitative net is a very complicated 
apparatus and I can refer to it only very briefly. It is a 
cylindrical net which is thrown into deep lateral folds, which folds 
are produced by metal rods which are contained in the case in 
which the net is placed. This form of the net gives it a vmy 
large filtering surface. All the water which enters the net does 
so through an opening in the cover of the case, and in this opening 
is placed a small metal propeller which is actuated by the in¬ 
draught of water, and also a revolution counter. From thc^ 
number of revolutions made by the propeller th(^ amount of water 
which enters the net can be calculated in an amilogous manner to 
the estimation of the distance traversed by a vessel which tows a 
“patent log.” The net is towed astern of thc^. ship while tht^ 
latter is travelling at an ordinary speed, and because of thc^ small 
area of the opening through which the water enters there is not 
much pressure on the walls of the net, and the latter is not rup¬ 
tured even if it is towed at a very considerable speed. 

In the case of each of these apparatus thi^ net, when the haul 
has been made, is removed from the case and is washed out and 
the catch estimated in the same way as will be described for th(^ 
vertical net. The volume of water which has been filtered is 
found directly from the recorded revolutions of the counter, in tlu^ 
Petersen-Hensen net; and it is calculated in the case of tho 
Korbnetz from the length of time during which the apparatus 
has been towed, the area of the annular opening, the speed of the 
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ship, the angle of the tow-rope, and other factors. Probably 
the volume of the filtered water is estimated very imperfectly, 
and neither of the two nets just described can be said to be very 
successful Further they can be Avorki^d only in a horizontal 
direction. 

Estimation of the catch. Now we may return to our 
original vertical net. We have obtained a catch which consists of 
all the larger organisms which were puvsent in a column of sea 
water of depth (‘qual t() the d(‘pth of tlu‘ se‘a in dtu, and of 
a known (toss section. Tlu‘ natun^ and amount of this ca,tch 
remain to Ix^ d(d-(‘rmiiuKl. In ordinary (|ualitative plankton work 
th(‘ ustial procxxlun^ is to measui'c^ the volunu* of th(^ catch, tlnm 
])ick out th(‘ larg(‘r organisms with the aid of a. hand hms, and 
tlnai (‘xamiiu‘ a small portion of it in detail under the micro- 
s(*op(^ Th(‘ organisms presmit ar(^ idmtifitKl and theur ndativc 
abunda,nc(‘ is estimate‘d. It may said, for instan(‘n, tliat the 
constitmaits an^ ‘"abundant.,” “ friupumt,” “common,” “rare,” or 
“ V(a*v ra.n\” or any otlua* s(‘.al(‘ of r<dat.iv(^ abundance' may bt‘. 
employi^l But th(‘S(‘ forms only (‘X|)n‘ss tin*, relative frcHpumey 
of occ.urnmec*. of t.he organisms idad.iiit'd; they are punty 
8ubj<‘ctiv(e and may diffm* with tlu^ pia-sonal (‘{|uation of the 
obstanau'; and no prc'cist^ signiticama^ can b(‘ attaclaal to tlumu 
Obviously th(‘ smalha- organisms must be hass (iorrectly estimat<‘d 
than the larger oru*sl They have* tlKaadon* little valm*, and 
perhaps all that ought to b<‘. stated with regard to a plankton 
catch (‘xamincal in this mamuT is that om^ or mor(‘ organisms an^. 
abundant, and that others an^ ran^ Thc^ Ki(d planktologists 
employ miub mon^ (exact nu'thods, and a plankton catch 
may Ik‘ (examined (piantitatively by oiu^ or moni of four methods: 

(1) by tlu‘ lustimation of th(‘ volume^ of tlu^ catch; 

(2) by (‘luuuicxil analysis; 

(tl) by wtdghing; and 

(4) by tlu‘ (umnuTation of tln^ individual organisms contained 
in it. 

According to the mid in view one or other of these nudbods is 
employ(*d. 

* ApHteiii, “ l)i<* HchatzuiigKiiU'thodc in IlanktonforHchniig,’’ Meeresunt, 

Kiel KoinnL Bd. vni. Abth. Kiel, 11)05. 
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Useful results are generally afforded by the mere estimation of 
the volume of the catches made: thus it is easy to compare, in a 
rough sort of way of course, the relative abundance of plankton in 
the areas investigated, merely by a comparison of the bulks of 
organisms contained in similar volumes of sea water. The catch 
is taken out of the bottle in which it is contained and is put into 
a measuring glass and shaken up with the preservative, preferably 
alcohol, since the organisms settle down more quickly in this fluid. 
Then after the whole has been allowed to stand for some time, at 
least a day or two, the level to which the catch rises in the 
measuring glass is read off on the graduations of the latter. 
This procedure requires some considerable time if a larger number 
of catches have to be examined, and when this is the case the 
separate bottles are allowed to stand for the necessary time and 
then the level to which the plankton rises in each is marked on 
the outside by means of a pencil which will write on glass. 
Each catch then is emptied out into another vessel and the 
original bottle is filled up with water to the level of the mark from 
a burette and the quantity of liquid discharged from the latter 
gives the volume of the catch. But obviously this volume is not 
the true volume of the organisms but is that plus the volume of 
the liquid which was present in the interstices between the sepa¬ 
rate organisms. Now this latter value will vary with the closeness 
with which the separate organisms lie together and obviously this 
depends on the nature of the catch. Thus copepoda lie together 
closely, but diatoms furnished with long spines will leave consider¬ 
able interspaces between them. 

If the catch is filtered through a very fine silk cloth it is 
obtained in a wet condition, and only a very small quantity of 
liquid is contained in it. Then a measuring cylinder is filled with 
water, or some other liquid, up to a certain mark and the wet 
catch is added to this liquid. The level of the latter will rise and 
the difference of level is the volume of the catch plus the liquid 
remaining in its interstices. But if minimal catches have to be 
measured this difference is very small, and this is the defect of the 
method. Again the volume of the catch in its preservative liquid 
may be exactly measured and then the whole is filtered. The 
volume of the filtrate is again measured and the difference is the 
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volume of the catch, again plus the interstitial liquid. When very 
small catches have to be measured it is better to regard these as 
minimal ones, in much the same way as we regard the results of 
chemical analyses which are just on the limits of quantitative 
expression. All nu'thods of plankton volume measurement are 
more or k^ss unsatisfactory, and a very serious objection is the 
freqiumt. presence of tlu‘ larger organisms in the catch. Thus if a 
catch of 5 C.C.. volum(‘ contains two PleAtrohrachiae while a similar 
catch contains non(‘ of th(‘S('. organisms, it would obviously be a 
misk'ading rc^sult if th(‘. voluim^. of tlui first (‘atch included the 
ettmophores. Tln^ very large planktonic animals must therefore 
first be pi(‘lved outj from the catch Indbre tlu* volumes estimation is 
made. Since thc^ n(‘ts of hntT Mullergaze are not adaptc^d for 
eatc^hing thes(‘ largtu* things they (‘an b(‘ omitted without error from 
the (*atch(‘s ma(k\ or at any rat(‘ tluy can be (‘stimated separately. 

T'hi^ mass of a planki.on (‘atch is vauy easily estimated. The 
coll<‘ction is washed with fr(‘sh wat(‘r until the salt has been re- 
mov(‘d, and tluui it is ])ut into a w<‘igh(‘d glass capsule and ht‘at(?.d 
in a hot waUu* oven at a t(‘m]H‘ratun‘ of lOO" C-. Then it is put 
into a d(‘siccator and wlum th(‘ W(‘ight IxH'onu's caaistant it is 
rtH‘orded. 

It is not possibk‘ h(T(^ to considcT tlui nut.hods of ch{‘mical 
analysis. It will b(‘. sufficient to staU‘, that th(‘ (estimation of 
caiffion, hydrogtm and nitrogin by tlu‘. ordinary nutkods of organic 
combustion ar(‘ tlu‘ fundanuaital n^sults. OtIuT constitiuaits of 
tlu‘ cat.ch ar(‘ ofUai estimat(‘d. Thus fat, whicli is abundant in 
copf'pods and oth(U‘ tTusta(‘ea, is detminirual by making ether 
(‘xtracts. tkirbohydrat.i‘S, chitin and C(‘llulos(‘. may also be do 
t(U’min(Hl. Tlui inorganic constitmaits usually estimat'd a,re 
chlorin(\ phos))horic acid and (‘.alcium (both th(‘ lattiT of importanc(‘ 
as forming tlu‘ makTials of tlu‘ sk(‘k‘tons of many organisms), and 
silma (which is an important eonstitiumt of the skidcitons of 
diatoms and radiolaria). Th(‘ total ash wliich remains after 
ignition is also ofkai (Estimated. A knowkslgc^ of the chemical 
composition of the plankton is, of course, of value in tiui discaission 
of manygcmeral problems, but unfortunately it cannot b(», obtained 
without destroying tlu^ catch, and when the latter has beiui obtained 
at some considerabk^ cost, as in the casc^ of expeditions fitttxl out 

9—2 
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to explore the seas in remote parts of the earth, its biological 
interest is often so great as to exclude the possibility of a 
chemical analysis. 

Of all the methods of investigation of the catches made, the 
actual counting of the individual organisms is the most satis¬ 
factory. In this way its biological composition is known, and if 
necessary the chemical composition can also be determined, in an 
approximate manner at least, by the application of constants 
previously ascertained. Thus the chemical composition of the 
principal planktonic organisms, such as diatoms, copepods, peri- 
dinians and so on, can be determined by analyses of catches which 
consist predominantly of these organisms, and if the average 
number of each of these creatures, corresponding to a given mass, 
be previously determined then the chemical composition can be a,as¬ 
certained from the results of the enumeration. From most points 
of view the direct counting of the catch is the most valuable method 
of estimation. Now if, as often happens, a single catch may consist 
of millions of individuals it becomes an utterly impossible pro¬ 
ceeding to count these, and their number has therefore to be 
estimated by the methods of dilution of the original catch wliich 
are employed by the bacteriologists. The original catch is mix(‘d 
with a volume of water, so that it has a definite volume and then 
a fractional part of this diluted catch is taken and the organisms in 
it are identified and counted. The numbers so obtained are then 
simply multiplied by the number of times the fraction is contained 
in the whole diluted volume of the catch. 

Suppose that we have a catch which on a preliminary exami¬ 
nation is seen to consist of comparatively few fish eggs, many 
copepods, and a large number of the diatoms Coscwodi\^oiiH and 
Biddulphia. Its rough volume is, say, 4 c.c. Now it is \isually an 
easy matter to pick out the fish eggs and count them directly. 
The catch is emptied out into a flat dish and the eggs are picked 
out with the aid of a hand lens, sorted into groups and identified 
and counted. Then the remains of the catch arc swept up into 
a glass flask and diluted with water until the volume is 100 c.c. 
One c.c. of this mixture is taken and counted. 

Now this is not so easy as it seems to be, for we are not dealing 
with a bacterial emulsion, or with a simple fluid mixture in which 
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the contents are uniform in composition, but with a mixture in 
which the constituents to be estimated are particles in suspen¬ 
sion and quickly settle down when it is left at rest. We cannot 
therefore use the ordinary pipette of the chemist to remove the 
fractional part. Hensen had to devise the '' Stempel-Pipette for 
this purpose. This instrument is shewn in Fig. 27. It consists 
of a strong glass flask which is closed by a bung 
through which passes a wide glass tube T in which 
there is a piston. The lower end of this piston P is 
a solid piece of metal which slides accurately up 
and down the glass tube but without much friction. 

Bound the sides of the piston the metal has been cut 
away so that the volume of the cut-out portion is 
exactly 1 c.c., or any other convenient volume. The 
calibration of the piston is eflfected by filling the 
cavity with mercury and weighing the latter, 
and then cutting away more metal until it is found 
that the weight of the mercury contained in the The^Stempel- 
cavity is exactly that of 1 c.c. of the latter metal. Pipette 
The diluted catch is now brought into the flask section), 
and the latter is filled with water up to the mark (which may 
indicate a volume of 100, 250, 1000 or any other number of c.c.), 
and the whole is thoroughly shaken up so as to produce an uniform 
mixture. Then before the organisms settle the piston is suddenly 
drawn up and the glass tube is removed from the flask. 

The cubic centimetre of liquid containing the organisms to be 
counted is now brought on to a glass plate which is ruled into 
squares, and this plate is put on the stage of a microscope which 
has a mechanical movement which enables each of these squares 
to be brought successively beneath the lens, and ensures that every 
square on the plate will come under observation. Square after 
square is then passed under the lens and the organisms on it are 
counted. Suppose that the catch consists of very many diatoms 
and of few copepods. Hensen had a box in front of him while 
he was examining the catch, and this box was divided into as many 
compartments as there were species to be counted. As each 
square was examined as many counters were dropped into the 
specific boxes as there were organisms on it. Hensen appears to 
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have used coins as counters, but if the biologist is short of coin any 
other convenient objects will do—I use lead shot in pill boxes. 
When the plate is examined the counters in the separate com¬ 
partments are then totalled up. 

If the diluted catch measured 100 c.c., and if 1 c.c. of this were 
examined and 50 copepods were found the total number of cope- 
pods in the whole is obviously 50 x 100. Now we supposed that 
there were very many more diatoms in the catch than there were 
copepods : it may be the case then that in 1 c.c. of the catch, diluted 
as above, there would be too many diatoms to be easily estimated. 
If this is the case then 10 c.c. of the first dilution is taken and is 
mixed with 90 c.c. of water in another flask and 1 c.c. of this second 
dilution is examined as before. Suppose that this quantity con¬ 
tains 500 diatoms: then there were 500 x 100 x 10 in the original 
catch. 

The enumeration of the separate organisms contained in a 
catch taken with a Hensen net is thus carried out by methods 
which are exactly those of the chemist or bacteriologist. The 
work is laborious but it is not at all difficult or unreliable. No 
doubt the limits of error are greater than in the case of the 
counting of bacteria contained in water, milk or air; and still more 
so than in the volumetric analyses of the chemists, but a con¬ 
sideration of the Hensen methods in greater detail than I have been 
able to make will shew that it is possible to describe a plankton 
catch quantitatively with a considerable degree of accuracy. Now 
we have filtered a certain amount of water from the sea in a 
certain small area, and we have counted the individual organisms 
contained in this catch. The question now arises: is this catch a 
fair sample of the plankton contained in the sea in the area 
round the spot where the net was fished? 

Validity of the Hensen methods. Haeckel was the first to 
doubt the validity of Hensen's conclusions. In a paper of very 
great general interest^ he attempted to shew that the problems 
which Hensen proposed to investigate were not of such a nature as 

1 Plankton-Studien, Jena. This memoir is written in a very attractive manner, 
but some of the arguments and conclusions are unreliable, and the reader should 
certainly also read Hensen’s answer, “.D/e PlanJzton-Expedition u. HaeckeVs J)ar- 
winumus;^ Kiel u. Leipzig, 1891, before accepting all Haeckel’s conclusions. 
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to be adapted for quantitative treatment. The general results of the 
Plankton-Expedition were severely criticised and, without adducing 
any other evidence than the general impressions of a naturalist 
who had fished with the older qualitative nets, he denied one of 
the chief conclusions of the work of the National Expedition, viz. 
that the plankton was more abundant in the colder, or temperate 
seas than in the warmer regions. He also laid great stress on the 
variability of the plankton, and emphasising the importance of 
sw’-arms or streams of microscopic life in the sea {Zoorema, or 
animal streams, he called these), he contended that this apparently 
fortuitous distribution of the plankton militated against any 
attempts to estimate its abundance in a precise manner. In some 
respects Haeckel completely misunderstood Hensen s methods. 

Then Kofoid^ struck the next note of dissent. In a series of 
experiments carried .out in the lakes of Illinois by means of a 
Hensen quantitative net he obtained results which led him to the 
conclusion that the catches made with this apparatus gave a very 
distorted picture of the actual conditions. Kofoid’s first objection 
was that the meshes of the Miillergaze became stopped up with 
the smaller organisms in the water and that this closure of the pores 
caused the net to fish in an uncontrollable manner. His second 
objection was that many of the smaller organisms actually passed 
through the meshes and that the catch was therefore smaller than 
it ought to be. In order to remedy these defects of the Hensen 
method Kofoid proposed to substitute a pump and filter for the 
net of Mullergaze. 

In 1899 Lohmann^ undertook a critical investigation of the 
method of quantitative fishing by means of nets made of Mullergaze 
No. 20. Dealing with Kofoid’s first objection he had no difficulty 
in shewing that the latter had misunderstood the nature of the 
method which he had criticised, and that his objection had no 
validity. Hensen and Apstein had shewn previously that the 
net had to be designed for the nature of the plankton which it 
was desired to catch. Generally speaking fresh water contains a 
greater mass of plankton in the same volume than does the water 
of the sea. To guard against the possible danger of a partial 

^ Kofoid, Science (N.S.), Vol. vi. p. 829. 

2 Wiss. XJntersuch. Kiel Komm, Bd. v. Abteil. Kiel, Heft ii. Kiel, 1901. 
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closure of the meshes of the net the filtering surface of the 
latter was made as large as possible when it was intended to be 
used in fresh water. The fresh-water net used by Apstein had an 
area which was 48-times that of the area of the opening through 
which the water entered. In such parts of the sea as were free 
from sediment and contained comparatively little plankton the 
surface of the net was only 28-t}imes that of the opening. Now 
Kofoid used the smaller net, which was designed for sea fishing, 
and he used it in a mass of water which was rich in plankton, and 
over a bottom consisting of a soft sediment which was stirred up 
on the slightest movement. His first objection has therefore little 
force. 

But the second objection is fully justifiedh There are indeed 
many organisms which are either not taken by th(^ tow-nets 
usually employed, or are taken only in very inadequate proportion. 
One is often struck with the absence from the catches of the tow- 
nets of hosts of organisms which he suspects must bo present in 
the sea. Where, for instance, are the multitudes of tlu^ younger 
fish larvae which must surely be present in the sea at certain, times 
of the year; or the naked protozoa or smaller protophyta; or the 
ciliated embryos of the hosts of trematodcs which infest the 
entrails of fishes, and which pass through a free-swimming stage ; 
or the ciliated trochospheres of molluscs which ought to be more 
numerous in the sea than is indicated by the catches of the 
tow-nets ? These are either not taken by the nets, being so small 
that they are able to pass through the meshes of th(‘ fabric, or 
they are crushed out of all recognition by the pressure of wat(‘r 
against the threads of the cloth; or they are so susc(q)tibl(‘ to 
injury that they are destroyed by the preservative fluid employcHl 
for the fixation of the catch. In the paper last cited .Lohmann 
tells us that he obtained a large quantity of water from the Baltic 
and filtered it through the ordinary Mtillergaze (No. 20, arc^a of 
mesh = 0-0025 mm^) and then counted the organisms thus caught. 
He then refiltered the water passing through the silk cloth by 
passing it through a hardened filter paper and again counted the 
organisms retained by this second filtration. The results wei-e 
very noteworthy: most of the metazoa were retained by the 
^ It had, however, already been anticipated by the Kiel planktologists. 
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Mtillergaze, but many invertebrate larvae and eggs were lost. The 
larger protozoa were retained by the net but the smaller forms 
were almost entirely lost. Large diatoms were caught by the net, 
but here again a great number of the smaller ones were passed 
through to be caught by the filter paper. 

These results seemed to justify further investigation and so, 
armed with the sinews of war by the University of Kiel, Lohmann 
made a very searching examination of the various methods of 
determining the richness of the sea in planktonic life, and his 
paper^ describing his results is the most important contribution 
to the literature of planktology which has appeared since the 
publication of Hensen’s original memoir in 1887. It is one of 
those papers which stimulate thought by reason of the novelty of 
the results obtained, and help on new discovery by the development 
of a new method of research. No one method, we see, is 
sufScient to give us samples of the planktonic life of the sea. 
Just as we are compelled to employ half-a-dozen nets if we wish 
to obtain a true representation of the distribution of any one fish 
in the sea, so it is necessary to employ several different methods of 
research if we are to obtain a true picture of the nature and rich¬ 
ness of planktonic life in a sea area. If we desire to estimate the 
abundance of the larger planktonic or pelagic animals in a sea 
area then it is necessary to fish with wide meshed seine nets and 
to pass, it may be, hundreds of cubic metres of water through 
the meshes of this net before the adequate sample of water has 
been filtered. For fish eggs we must employ an ordinary quanti¬ 
tative vertical net with a comparatively wide mesh, and three or 
four cubic metres of water will afford a sufficient sample. For 
copepods we may use the net of ordinary mesh and less than one cubic 
metre will be enough water to filter. Diatoms and protozoa can 
only be caught when we employ either the very finest silk cloth which 
can be made, or still better, the much finer filters constructed of 
paper or densely woven silk cloth; and for such organisms even 
J litre of water may be a big enough sample. For bacteria quite 
special methods of culture must be employed, for no filter is fine 

^ Lohmann, “Neue Untersuchungen u. d. Eeichtumd. Meeres an Plankton und 
u. d. Branchbatkeit d. verscheidenen Fangmethoden,” WUs. Meeresuntersuch. Kiel 
Komm. Bd. vii. Abth. Kiel, 1908. 
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enough to retain these organisms in its meshes, and one cubic 
centimetre of sea water will usually be a sufficiently large 
sample. 

Other quantitative plankton apparatus. If then the mesh 
of the silk cloth employed in the construction of the ordinary <pian- 
titative nets is too coarse to retain the smaller organisms of the 
plankton it is necessary to devise some other filtering medium. 
Lohmann employed a hardened filter paper which was fitted into 
a metal funnel in much the same way as the large corrngatt*(l 
filters of the chemist are used. The sample of wattu* was run 
through this filter and the catch was then nmioved from the latttu’. 
If the sample of water to be examined is obtained from tin? surface 
of the sea then it is a matter of no difficulty to (‘luploy this 
apparatus; and if small sam])les are to be investigat(‘(l t.hen thi^ 
water can easily be obtained by the use of oiu^ of tlu‘ closing 
water-bottles used in hydrographic observations, and whidi (^an 
collect a water sample from any desired <h‘pth. Jhit it is an (\ss(ai“ 
tial of the quantitative examination of thc^ pIa.nkton that tlu^ whole 
column of water from the surface to th(‘ bottom must bt^ filtensl, 
and this requirement introduces smaous ditficulti(‘s. .Lohmann 
followed up Kofoid’s suggestion of using a ))ump, a.nd lu‘ devistHl 
an ingenious apparatus by means of which a fairly (hn^p (*o!umn <d‘ 
water could be obtained. A long hos{‘-pipe was (*oil<‘d <m a wind¬ 
lass. One end of the pipe was opiui and th(‘ otlua* was connect'd 
with a pump. The open end was thtui h‘t down Ui th(‘ desin^l 
depth, and windlass and pump W(a*e tluui workisl simultaneously, so 
that a sample of water was obtaimsi from <.‘V(*rv level of a vcrt icaJ 
column of known depth. This watcu- was passtsl through tlu^ 
filter and then collected so that its volumo cotdd 1 h‘ m(‘asured. 
Thus a sea area of modm’ate (hqfi.h can b(‘ invt*stigat<‘d quantita¬ 
tively by a method which (hnss not appi^ar tio Ih‘ open to any 
serious objection. Idui apparatus thus dovistsl also pn>vi<h‘s a 
moans whereby the constants of the viuHcal net, as eahailatisl by 
Hansen’s method, can be corrected, fiu' we can filter a column of 
water which has, say, a cross section of two s(juare. ciuititnetn^s, 
and since the composition of the plankton can Iiardly cliange 
within the limits of a column of water which is not greater than 
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one square metre in cross section then the result of the pump 
method can easily he converted in that of the column of unit 
dimensions. 

It is only with respect to the smaller organisms in the water 
that the ordinary nets fail, and Lohman'n investigated these by 
means of filters made either of hardened paper or of the material 
known as taffeta silk. This is a fabric of thick and close strands 
which leave very fine interspaces between them. It was made 
into filters of the ordinary conical shape, or it was tightly tied on 
to the ends of glass tubes, and the catch was introduced into the 
latter and was made to pass through the cloth by gentle pressure 
with a little indiarubber bulb provided with an air valve, by means 
of which air could be forced into the tube above the level of the 
water to be filtered. Obviously much smaller samples are required 
when the smaller organisms are to be collected, and Lohmann 
found that even J litre would yield a sufficient quantity of water 
to enable an estimate of the abundance of these things in the sea 
to be made. 

Capture of plankton by appendicularians. Finally Lohmann 
had the happy thought of employing the houses {Hdicser) of 
appendicularians to determine the contents of the sea so far as the 
smaller protozoa and protophyta were concerned. Oikopleara 
albicans is an appendicularian which forms a gelatinous house or 
case of some dimensions. This structure serves as a means of 
protection for the animal which lives inside it and also acts as a 
filtering apparatus by which the ascidian obtains its food from 
the plankton of the sea, and compared with it all our plankton 
filters and nets are very crude contrivances. The house is 
furnished with two openings. One is a kind of grating, the meshes 
of which vary in size with the size of the house. In a house 
which is 17 mm. long the meshes of the grating are about 
127/u. X 34*5^. 

This grating is the opening through which water enters into 
the house of the Oikopleura. The latter is so constructed that 
after entering it the water has to pass through a second, and finer 
filter before it flows out to the sea again through a spout. The 
cause of the current of water is the continual movement of the 
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long and powerful tail of the OiJcoplewra. The animal hangs on to 
the internal filtering apparatus by its mouth and from time to 
time it sucks out the organisms which have been retained by the 
filter and eats them. Soon the meshes of this filter become choked 
up, and when this happens the house is thrown off and in a short 
time a new one is secreted. No one house is used for longer than 
about six hours. 

Since the meshes of the second, internal filter are much finer 
than those of the outside grating it happens that organisms which 
pass through the grating are retained by the internal filter. 
Generally only such organisms as are less than 30/x in diameter 
pass the grating. Thus Ceratia and most radiolaria, and the larger 
diatoms such as Chaetoceros, Rliizosolenia and Bacteriastriim do 
not enter the house, and the only organisms that do so are the 
smaller diatoms, the smaller protozoa and many of the smaller 
protophyta, and it is only these that are to be found inside the 
house. 

Now the area of the excurrent spout can be measured and the 
flow of water through it can easily be estimated. Lohmann thus 
found that about 162 c.c. of water passed through the house of a 
large Oikopleura in about six hours. But all the micro-plankton 
which was contained in this volume of water was not to be found 
in the internal filter at the end of this period, for obviously some 
of it had been eaten by the animal Probably the catch contained 
in the house could be taken as that originally contained in about 
100 c.c. of water. If then it was possible to kill the animal after 
the filtration had been carried on for some time it woxxld be 
possible to estimate the quantity of micro-plankton which had been 
filtered from an approximately known vobxmc of water. This was 
easily done, for the internal filter of the Oikopleura house could 
be dissected out and its contents examined and counted. When 
this was done the results were very surprising. All the organisms 
caught by the Oikopleura were such as would easily have passed 
through the meshes of the silk used in the Hensen nets, and 
many would even have passed through the much closer meshes 
of the taffeta silk; yet even in a volume of less than 100 c.c. of sea 
water there are obviously a surprising variety and abundance of 
planktonic life. 
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Thus the Mtillergaze of the Hensen quantitative nets is a very 
imperfect filtering apparatus. If we knew nothing of the nature 
and abundance of the plankton in the sea except what is revealed 
to us by the fishing of these apparatus we should possess a very 
distorted picture of life in the sea. Generally speaking about 
half the number of the organisms which enter the mouth of the 
vertical net pass out again through the meshes of the silk cloth; 
others may be destroyed by the pressure of the water against the 
threads of the silk (though in a properly used quantitative net 
this loss is probably inappreciable in amount) and others again are 
destroyed by the action of the preservative liquid employed. 
This filtration loss too is not constant but depends on the nature 
of the organisms making up the catch and on the stage of develop¬ 
ment of these. Sometimes the quantitative net may only catch 
about 2% of the number of the organisms entering into it\ 

Nevertheless the mass of these smaller organisms which 
enter the net and again pass out of it is often so small that it 
may be neglected for many purposes. All the fish eggs, practically 
all the copepoda and other Crustacea, and generally speaking all 
the adult metazoa are caught. The larger and more abundant 
diatoms are also caught, and so are many of the larger protozoa. 
Tintinus campanula, Ceratium tripos, Peridiniimi divergens are 
caught, but hosts of the smaller ones, such as Skeletonema, 
Synedra and Prorocentrum, are lost, and so are very many of the 
smaller diatoms and protophyta. Still for many of the economic 
problems, such as questions which can be solved by a knowledge of 
the distribution of the fish eggs or Crustacea, the Hensen net is 
an efficient instrument. But we shall see later that there are other 
questions of theoretical importance, for the discussion of which a 
knowledge of the abundance of the smaller organisms which are 
not caught by the net cannot properly be dispensed with. 

1 The reader must refer to Lohmann’s paper for tables which give the detailed 
comparison between the catches made by the Miillergaze, the taffeta silk and 
filter paper, and the houses of appendicularians. These have all been counted 
and the results are compared in a most careful manner. 
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THE DISTRIBUTION OF THE PLANKTON. 

It is thus quite a practical proceeding so to em])k)y qua,ntita- 
tive fishing apparatus as to obtain all tlu^ plankton organisms 
which exceed a certain size, and which arc contained in a column 
of sea water of known dimensions and position. P^'urtlKU’, it is 
comparatively easy to count thi'sc organisms. Idn*. work is 
laborious and monotonous but presents no inhcuxjnt difticulti(‘s to 
anyone familiar with the organisms captured. Then having madt^ 
such a catch and counted tin', individuals contaimul in it wi‘ ar<‘ 
justified in saying, for instance, that the Irish S(‘a 10 miles nori.h 
from Llandudno contained on a certain (lat(^ so many fish ova, so 
many Noctilucae, so many copepods and so many diatoms (to tak(‘ 
only the more abundant organisms which would be. found); and 
that these numbers of organisms were found in water biuu^atli 
one square metre of surface. No (*xception can be takem tfO smdi 
a statement if it is founded on the n^sults of an inve^stigation 
carefully carried out. 

But should we be justified in stating that th<‘ Irish Sc'a 10 
miles from Llandudno over an area of t(*n s(|nan‘ miU's (tontained 
these numbers of organisms uudiTueath each scpiare m(d»re. of 
surfiice over this whole area, and that the aggrt^gatc! numbtu' of 
organisms could be calculated by sim})ly multiplying the numbtu’s 
of each species contained in the sample catch by the numbiT of 
times that one sijuarc metre was contained in the tmtire an^a ? If 
we say that we can do so then we assunu^ that tlu^. plankton is 
uniformly distributed over the whole area rederred to, and that it is 
generally evenly spread over the sea throughout wide areas. Now 
is this the case? 
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The Kiel school of planktologists have always maintained that 
wherever in a sea area the physical conditions (temperature, 
salinity, &c.) are uniform there the plankton is also uniform in 
its distribution. Plankton organisms, they say, have little powers 
of locomotion, certainly not such as will enable them to segregate 
themselves, and they are drifted about in the sea quite passively. 
The sea is in continual motion. The tidal streams, even at some 
distance from the land, have a considerable velocity and affect the 
water down to a fair depth. For instance in the Irish Sea the 
tide in the middle of the Channel will cause a floating body to be 
carried about 6 miles each way by the ebb and flood, and about 
9 miles each way during the springs; while nearer the land the 
velocity of the tidal streams is greater still. Violent winds pro¬ 
duce a considerable drift of the surface water, so much so that the 
effect of the tidal streams may completely be masked. The wave 
motion is felt down to a depth of from 30 to 40 fathoms. Storms 
and variable winds will thus mix up the water very thoroughly. 
Also sudden changes in the temperature of the air caused by 
changes of wind will set up convection currents which further mix 
the water. Because of this continual circulation of the water in 
a sea area the physical conditions tend to become very uniform 
unless there are strong currents entering it from outside. Large 
areas of the Clyde sea-estuary are thus practically homothermic^ 
and I have seen that over wide areas of the Irish Sea the temper¬ 
ature may change very slowly and uniformly. If then the physical 
condition of the sea can be so uniform over wide areas it is not 
unreasonable to assume also that the plankton would be as uniform 
in its distribution, that is to say from place to place in a horizontal 
direction. 

Experimental errors. It is not, of course, absolutely uniform : 
that is it is not possible to employ a quantitative plankton net 
twice in succession so as to obtain precisely similar catches in the 
same area at the same time. Hensen'^, on the first day of the 
Plankton-Expedition, made experiments with the object of testing 
the uniformity of the plankton. Two quantitative nets of exactly 

^ Physical conditions of the Clyde sea area; Fauna, Flora and Geology of the 
Clyde Area, British Association, Glasgow Meeting, 1901. 

- Frgehn. Flanhton-Exped. Bd. i. 
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the same construction were coupled together, lowered to the same 
depth and drawn up again, and seven of such double catches were 
made in the open sea in the North Atlantic. The catches were 
compared, but it was seen that no two of them were exactly alike, 
for when the mean of the two catches was taken as 100 it was 
found that the average divergence of the individual catches was 
6'8 Also previously to these experiments Hensen^ had made a 
number of experimental hauls in the Baltic by the method of 
making a vertical haul, emptying the net and then imim‘diat(‘Iy 
lowering it again in the same spot to exactly the same d(‘,pth. 
But here again the volume of the plankton taken in each of 
pairs of hauls was never exactly the same, but the average diviu- 
gence of each haul from the mean of the two was 15*88 ‘’4, and tlu^ 
probable divergence 7*4 7o- Now while the residt of th(.‘S(‘ trials 
was no doubt disappointing it was perhaps as we ought i.o 
have expected. It is quite impossible to construct and us(‘ two 
scientific instruments so that they will give exactly tlu^ saim^ 
results: even with the exact and highly developed a|:)paratu.s and 
methods of the chemists and physicists one never finds that thi^ 
results of duplicate analyses or determinations are exactly alike'. 
Experimental errors must always be encountered and onc' has to 
accept these and be as certain as possible that their magnitude is 
less than that of the variations which he is investigating, ''fhe 
vertical net is a very complex instrument and it is not possibh* t,o 
make two so exactly alike, or to use the same net twic(' in suc¬ 
cession, so that the same result will be obtained in each case, t'vcn 
when we should expect that the conditions of trial wertj sueli as to 
lead us to expect identical results. Further the final n'sult ol* tlu^ 
fishing operation depends on the exact estimation of tlu' amount 
of water passing through the meshes of the net; and this 
estimation is based on the determination of the constants of t,lu‘ 
nets, and here again errors may creep into the methods. 

But even when we allow for these experimental errors it is 
still the case that the plankton is not distributed in an uniform 
manner throughout the sea at any one time. We have first of all 
divergences from an average composition in a horizontal direction, 
that is the plankton is not usually the same at two parts of a sea 
^ Ueber d. JBesUmmung d. Flaiiktom, loc cit. See also Appendix. 
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area, say twenty miles apart, unless perhaps in the open ocean.. 
Then the plankton is hardly ever the same at all levels of the sea. 
and we almost invariably find that the catches obtained from 
different depths vary considiu-ably. Ho familiar a fact is this that 
hosts of nets have been devised to fish only at definite depths of 
the sea, and any one who has used these nets will know how 
different the catches made at diffcu'ent strata may be. 

Stratification of the plankton. Tho most caxx^ful and 
rigorous experiments of this kind with which 1 am ac(|uainted are 
those which were', made by Lohmann^ in the open MtHliterranean 
off' Syracuse. Lohxnami made nine catches during the pcTiod 
May 1—11,1901. Each catch was mad(‘ at the sanu^ timt^—bi'twecn 
7 and 8 in the morning. All the catchers were madt^ at the same 
place, and th(.‘y were made by sinking a closing water-bottle down 
to a diffm'ent depth on each occasion and so obtaining a water 
sa.mple from the stratum to be studied. One ([uarter-litn^. of this 
water was filtca'cd through thick talft^ta silk, and the catch so 
obtaine<l was (‘xaminc‘d aliv(‘ so as to avoid the loss of organisms 
diu^ to tlu‘ (h^st-ructive action of t.Iu‘ preservativ(‘ whi(*.h would 
otherwises have* beam used. The se^parak^ individuals of the* micro- 
plankton (protozoa and protophyta) in tlie catch<‘S W(‘re all counted. 
The results shewed that most of the speaues obtained wcaa^ mor(‘. 
abundant at a depth of about 40 metres from tlu‘ surface, and that 
the abuiulanee of tlu^ plankton dc^.cnaiscal slowly from that water 
1(‘V(*1 up to llu‘ stirface, and rapidly down to tlu» bottom. 

Heliotropic migrations. Tluu*(‘ is iluis a stratification” of 
the plankkau It usually varie^s both iu nature' and abundance 
with the stratum of se‘a. itxve'stigaied; and this V(U*tical irre'gularity 
change's rapidly from time^ to time'. Now in ae'.counting for the^ 
eatises of this ve'rtical distribution wi'. may with some probability 
assign two fa<*.tors : (1) the variations in the amemnt of light falling 
on the' surface' of the' si'a aud peiu'trating down to the^ dc'eper 
layers; and (2) variat.ions in the* tempex'ature e)f the* surface 
water. The'n* is little^ dembt that the' variatiem of thei light is a 

* Untemichnnitt'u.^' Tables I. given the reHiiltH of thene trials. 

10 


J. F. 
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potent cause of the vertical irregularity of the plankton, and some 
proof of this may he given. If a tow-net is lowered to the bottom 
of the Irish Sea during the day a catch is obtained which nearly 
always contains Sagitta though this worm may be .-ibsent from the 
catch made at the surfixee at the same tiim?. So also if a catch is 
made at the surface during the night this almost inva,riably con¬ 
tains numerous specimens of the same animal. Both at the sea. 
bottom during the day and at the surface during tln^ night, light 
is absent, or nearly so. If again we empty a plankton catch into 
a glass “crystallising dish” and stand this at a window w(' will 
always find that there will soon be a <listinct S(‘gregation of tlu^ 
copepods: some of these will swim over to tht‘ sidc^ of tlu^ dish 
nearest to the source of light, while others will siadc t.he darken' 
parts of the vessel. The same behaviour of coptsjxKis towards 
light can often be observed when we put a catch of thos(' ct'us- 
taceans into a watch glass a-nd placc‘ this on th(‘ sl.agt‘ of a 
microscope. If all light is then exchuhnl from tlu^ cah'h, (‘xci^pt 
that which comes up from l)on(‘ath through a nari'ow a])(‘rturc in 
a diaphragm, we may find that tlu' (‘.ojx'pods will (‘rowd round 
this pencil of light. But heliotro])ism is maui mon^ beautifully 
shewn by the larvae of the nereid worm Phyllodoce. This a,nima,l 
deposits its eggs in albuminous cocoons which an^ laid on tlu‘ 
shore and if one of these structure's, containing motile^ troc,hophor<\s, 
be cut open in a glass dish containing se.^a, watew tJn* larvan will a.t 
once swim across to the light and form a, deaise^ layeu* on th(‘ side\s 
of the glass nearest to thi^ source^ of light. 

Probably the majority of the^ organisms forming tlu^ plankton 
are affected to some exxtent by changers in the intemsity of lighi,, 
and although no very systematic or (‘xhaustive' obseu'vations have 
been made on this subj('.ct it is n(^verth(‘less tin* <*asc‘ tha.t consid(‘r- 
able vertical migrations iim th(‘ results of this <xuls<‘. \Vt^ should 
expect to find, and indeed do find, that the?-(‘ is a diurnal v<‘rtical 
movement of the plankton accompanying th(‘ alt(u*nations of day and 
night, and possibly there is also a seasonal variation 'm th<‘ natun^ and 
abundance of the surface plankton as th(‘ n.‘sult of th(‘yea.rly varia.- 
tion in the amount of light which falls on tlu^ surfaces of tin* s<*a. 
Finally one may conjectim^ that tlu‘ difiermua^ betwexm tln‘ 
plankton at the surface on a bright <lay, ami that obtaintKl on a 
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day when, the sky is overcast is also to be attributed to the 
hcliotropisin of the planktonic organisms^. 

Temperature changes in the surface layers of the sea produce 
vertical plankton movements either because the organisms are 
affected by these per se, or Ixicause convection currents are set up, 
or because changes in the viscosity of the sea water are the results 
of temperature changes. Apart altogcither from general seasonal 
changes, which affect large sea areas simultaiuu)iisly, we find that 
comparatively rapid changes in the temperattirc of restricted areas 
of the sea are the result of local changes in the direction of 
the wind, or are simply diurnal changes. The daily range of 
temperature at the surface is from 1 to 2'' Cl, th(j surface being 
hottest at about 4 p.m. and coldest at about sunrise. Much more 
considerable changes are produced by changes in the direction of 
the wind. In the Irish Sea an cast wind lasting several days will 
cool the surface water several degrees, and a south to south-west wind 
will as rapidly warm it. The (‘hang(i produced by th(3 wind does 
not only affect the sui’face, but will also affect the lower layers, for 
th(‘. superfudal film of water is rapidly removiMl by the forces of the 
wind and a new layer is exposcul. If the wind is blowing offshon* 
th(i surface water is drifted away from the land and de<ip water 
Hows inslum^ as an undercurnmt to take its plac('. Conversely if 
the wind is blowing on-shore, surface water is banked up at the 
beach and them flows away as an undercurrent. If the wind lasts 
for sonu^ tiuui then all tht‘, water in a moderatCy dec^p sea will 
by-and-by Ixi cooUhI or warnuKl as the cas(^ may b(‘. Ultimately 
then a uniform mixture is produeaxi, but for a short tinui after the 
changes of wind tlui t(unp(}ratiu*e diffenmc(‘ between tln^. surface and 

^ Gough (Finhenj and n(/dn)(}raphic in the North Sm and 

A(Uatu’ut Jieport 2 , Southern AreOy CU. 2 (> 70 , 1905 , p. 3d5) hiiH niado bouio 

iuHtnu-tive ohmsrvationH of tlumo xuovt'iuentH duo to light ohangi'H and ioniporaturo 
ohangoH. Ho mad(s a nuinbor of hatila in the EngliHh Chaiuud during the 24 hourn 
by vertical and liorizoutal ludH. The naiuplcH wiu'o taken ovc'ry two lioura. The 
compoHitioii of th<^ hauln uuidt^ by the vertical uotn did not vary much during tins 
whole period of day and night. But the horizontal luiuls Khewed considcrahh^ 
difforenceH. Euehilotu pihmila, Obeiia ap. and To^nojiteriK heUjolandiea came to 
the surface only at night. iUtianm jlnmarehicAi^ awarnuid at tlic^ aiirfact^ during 
the hottest part of the day, but at night it disporaed tlirough all layera of the aea. 
Next day it did not como to the surfaco, but the wi'atluu’ had changed, tlio aky was 
overoaat and a strong wind was blowing. 


10—2 
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low6r layers will be accentuated. Chilling’ of the surface layers of the 
.sea will also produce convection currents when the force of the 
wind is not strong enough to set up very decided surface diifts. 
The cold water at the surface becomes denser and sinks down and 
warmer water from underneath rises up to replace it. No doubt 
the cooling of the surface water must affect the organisms living 
there, merely because many of them must be susceptible to changes 
in temperature, but the main effect is probably the establishment 
of convection currents, and it is these which lead to tlie vertical 
movement of the plankton, and ultimately to a more or less com¬ 
plete mixture. 

Viscosity changes. Ostwald^ has made the interesting 
suggestion that vertical movements of the plankton are duo to 
changes in the viscosity of the sea water. Small organisms, such 
as those of the plankton, are particles in the physical sense and 
behave as such. When the temperature increases the viscosity of 
the water decreases and then the plankton organisms sink towards 
the bottom. Diffusion currents will bring them up again. Ostwald 
traces the annual spring maximum of plankton to this cause and 
attempts to shew that the daily maximum is also due to the changers 
in the viscosity of the sea water. Such movements are (piitt^ 
conceivable and one may accept them as one of the causes of the 
observed irregularity in the vertical distribution of the plankton, 
but before we can attribute the annual maxima of abundance to 
these causes much experimental work remains to be done. 

Inshore and offshore plankton. Now such irregularity in 
the vertical distribution of the plankton affects only the liauls 
made by nets which are dragged through the water in a 
horizontal direction, or the catches of nets which fish only in 
definite layers or through restricted strata, and it can largely be 
avoided by using vertical nets which are hauled up through the 
water from the bottom to the surface and so fish equally through 
all layers of the waterl If then we find that vertical hauls madi^ 

^ Zur Theorie des Planktons,” Biologisches CentmlWatt^ Bd. xxn. Nr. 19- 

2 Not entirely avoided because tire migrations of the plankton due to the causoH 
mentioned may not be entirely vertical. Where there are strong tidal streams or a 
surface drift due to wind, oblique movements of the plankton must be produced at 
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at about the same time in adjacent parts of the sea give different 
results a, 11(1 if these differences are greater than can be explained 
by experimental (‘irors then we can only attribute them to the 
irr(:‘.gular manner in which tln^. plankton is distributed from place to 
])lace in the sea. And just as one is imdined to minimise or magnify 
the results of (piantitative plankton work, so one is inclintjd to lay 
stress on, or partially to ignori) these invgularities of distribution. 
In considering thcan oiU‘. ought, however, to remembeu' that the 
plankton is far more irregular in its distribution near tln^ shores 
than further out to sea. 

Many causes combnui to render the plankton very irn^gular in 
its distribution n(‘ar the land (say within ten to twtaity miles from 
the shore). The tidal streams art‘ far more rapid then^ than out 
at sea. In estuaries and bays they run wii.h great force, curving 
in round the latt(U' and forming ‘'racexs’' round headlands. 
Temp(‘rature changes too are fir more rapid and extreme m^ar the 
.shore than further out. A wid(‘ area of sandy shore may be laid 
bar(‘. by the tidij and rapidly cooled in the winter, or as rapidly 
luated in tlui summer, and wh<m next the flood tide covers this 
area the. water la^comes cooled or heat(Ml as tln^ eas(‘ may b(‘.; and 
thus irngnlarly h(*at(‘d an^as of water an^ brought into cxistenc(‘. 
Soon th(‘ mov<‘ments of the s(‘a smooth down tln^se irregularities, 
but g(‘iu‘ra!ly spt^aking as we sail out from the land in the sumnua* 
the s(‘a becomes colder, while in the winter months it becomes 
warnua*. Thi‘. salinity of the sea is always low(a- m^ar the land 
b(‘caus(‘ of tho fresh watm* brought down by rivia's. But land 
watts* always brings down dissolvtHl mattta*, such as salts of 
nitrous and nitric acid and ammonia, and other substanct^s which 
are ih(‘ ultimate food-stuffs for the plankton. Thus a rivta' grossly 
pollnUal with sewage^ matters will have a most nunurkabhi (‘fft^ct 
in inen^asing the planktonic*, and benthic, life in the neigh¬ 
bourhood of its outhd/. Ifurthm* the rieht^st benthic*, fauna 
is to bc‘ found in relativcdy shallow watc‘r, and it will at once 
be stHm that accumulations of such animals as molluscs, crabs, 
cirripcnles, echinoderms and the like must add considerably to the 

the time of the chalice of tlus Biirface movoinentH. TIuh is perhaps the main cause 
of the irn*gularity of (listribution of iho plankton in an area of uniform physical 
conditions. 
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plankton of the sea above them by the addition of swarms 
of larvae emitted at their spawning periods. I have seem prac¬ 
tically pure collections of larval creatures taken in the tow-net 
(spatangid plutei, cirripede nauplii and cypres, crab zoea,c and 
megalopae and so on) in inshore waters just as the net liap))encd 
to encounter a swarm of these larvae resulting from th(.‘ simul¬ 
taneous hatching of great numbers of eggs just previous to the 
time of collection. All these causes must lead to irn^giilarity 
in the distribution of the inshore plankton: currents by con¬ 
centrating larval swarms; temperature and salinity changes per se— 
how exactly we do not know; the pollution of thc^ sea by rivers 
and sewers adding food-stuffs; and the rich btmthic fauna by 
adding spawn and larvae. Out at sea tlu^ continual movement 
of the water smooths down these irregularities of distribution, but 
in inshore waters we expect to find, and do find, a plankton which 
is often highly variable from place to placc‘, and from tinu^ t.o tinu*. 

Thus the physical conditions in a sea arc‘a wii.hin twenty 
miles of the land are very diffortnt from those without this limit. 
In the latter case the conditions are much more uniform and so we 
have a more uniform plankton. Still further away from the land, 
in an oceanic area wo find still greater uniformity^ l'h(‘ winds 
are more constant; and as they are unaffected by imnu^diatt^ proxi¬ 
mity of land we find that the air tempera,ture is mom constant. 
The sea there receives no contribution from the land that can 
recognised. Tidal streams are absent or hyo slight. Tluandbre 
because the physical conditions are so uniform wo find i,ha,t 
irregularities of the plankton which are so appa,r(mt uoiiv iho land 
do not exist, and the unetpuil catches whi(di an^ made by a Viul.ical 
plankton net in such a situation are probably duc‘ almost entin‘ly 
to the errors of experiment. 

Plankton types. Nevertheless in a wide oceanic an^a such a.s 
the North Atlantic we do find that there is a gradual chang(‘ in tlu^ 
nature of the plankton from place to place. 'Phis change is du(‘ to' 
the existence of physical changes in the sea sucli as are caaisinl by 
ocean currents. Even if the Atlantic were a stniamlciss oc(‘an we 
should still find a gradual change due to the chaiigc of climat(^ 

^ See Appendix. 
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witli varying latitude. If this were so then the plankton would 
change uniformly from north to south. But the floating pelagic 
life of the Atlantic is distributed much more irregularly than this, 
and its nature in different parts of the whole area is determined 
by the existence of the two great current systems—the Equatorial 
and Polar Stream circulations. 

P. T. Cleve^ was the first to attempt to give a general account 
of the distribution of the plankton over the whole area of the 
North-Western Ocean. Dealing mainly with the diatom forms as 
constituting the most characteristic organisms of the pelagic life 
of the sea he shewed that there were six main types of oceanic 
plankton in this area. Including the Peridinians and Oscillatoria 
these were: 

Tripos-Plankton: diatoms are relatively scarce in this type, 
the characteristic organisms being Peridinians and micro-crustacea. 
It is a form of plankton which is characteristic of the sea on the 
north-east coast of Scotland, round the Shetlands, and off the 
coasts of Norway. 

Styli-Plankton : diatoms are abundant and the principal species 
are Rliizosolenia styliformis and R, (data. Ghaetocejvs lorenzianus 
(in the south) and (7. gracillima (in the north) are also present. 
Styli-plankton is characteristic of western Europe down to N.E. 
off Bermuda. 

Chaeto-Plankton : the characteristic diatoms are Chaetoceros 
(m'ealis, 0. decipiens, and G. comtrictus. It is a N. Atlantic 
plankton. 

Desmo-Plankton: the principal organism is the alga Tricho- 
demamm. This is the prevalent plankton of the Antilles and 
Brazil currents. 

Tricho-Plankton : the principal diatoms are Thalassiothrix 
longissima and Rhizosolenia semispina. This is an Arctic plankton 
and is found in the sea round Iceland, in the Irminger Sea and in 
Davis Straits. 

Sira-Plankton ; this type is characterised by the prevalence of 
the diatom Thalassiosira nordenskioldii. It is found in the 
Arctic Ocean. 

^ JPhyto-Planhton of the Atlantic and its TrihutarkSy^^ Upsala, 1897. 
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Now if we study Cleve’s chart of the distribution of these 
plankton types in the North-Western Ocean during the summer 
we will see that they are to be found over regions which have 
very direct relationships to the distribution of the waters arising 
out of the two great water circulations to which I have referred. 
We will take them in the order mentioned. 

Tripos-Plankton (with several “neritic” types) is found in 
the summer round the coast of Norway, in the North Sea, in the 
Skagerak, to the south of Ireland, in the Bristol Channel and in 
the Irish Sea. 

Styli-Plankton is found in the Atlantic between latitudes 
40"" N. and 45° N., in the European Stream area, in the Bay of 
Biscay and in the English Channel. 

Chaeto-Plankton is found also in the European Stream area 
between the areas of Triclio- and S^ifyK-Planktons. 

Desmo-Plankton is found in the west Atlantic south of 
latitude 40°. 

Tricho-Plankton is present to the south and east of 
Newfoundland, Greenland, Iceland, and in Davis Straits. 

Sira-Plankton is found in the sea near north Iceland, in 
Davis Straits, off Labrador and Newfoundland. 

Now the reader must remember that the chart (which I 
reproduce as Fig. 28) is only, as Cleve says, “a first essay in a 
schematic plankton chart of the Atlantic, summer state.” When 
the reader considers the difficulty of obtaining simultaneous plank¬ 
ton observations over such a wide area as the North Atlantic, and 
further that such collections must be accompanied by observations 
of the temperature and salinity of the sea, he will see that any 
single attempt at a schematic representation of the distribution of 
the plankton over such a wide area must be imperfect and that 
many such series of investigations must be made before we can be 
sure that we have a normal sketch of the conditions of the area 
investigated. 

Nevertheless we see in this chart a rough approximation of 
the areas covered with plankton of distinctive types, with the 
areas over which the sea water has common physical characters. 
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Remember that there are two main sources of water in the North- 
Western Ocean: (1) water derived from the two great Equatorial 
streams, and (2) water of Arctic origin. Then we have (3) mixed 
water at the places where the offshoots from these two streams 
meet; and (4) near the land we find littoral water. Now it is 
easy to see from the chart that the area covered with Styli- and 
Chaeto-plankton corresponds roughly with the area covered with 
the Gulf Stream drift in the summer, that is at a time when the 
extension of this water towards the north-west coasts of Europe 
is at its minimum. Now Styli- and Chaeto-plankton are the 
types of the plankton of the sub-tropical North Atlantic and a 
detailed consideration of the species of the latter will shew that 
there are many which are common to it and the plankton of 
the Gulf of Guinea, and even of the Indian Ocean. These are 
carried far from the regions in which their distribution is normal 
and thus the occurrence of sub-tropical forms in the cold water of 
the Faeroe channel—a peculiarity of distribution which is so 
puzzling to many zoologists—receives a very simple explanation. 

Then note that the water off the coasts of Greenland and 
Iceland, and in Davis Straits, contains Sira- and Tricho-plankton. 
This is the type of plankton which has been described by several 
expeditions as occurring abundantly in the Arctic seas. When we 
remember that the southerly flowing currents of Arctic water 
pass to the east and west of Iceland, and down from Davis Straits, 
and that a well-known stream of cold water—the Labrador current— 
flows to the south along the coasts of North America, then it is 
easy to see that the distribution of these plankton types is just 
that of the southerly flowing Arctic water which enters the North 
Atlantic. To the south of Greenland the two plankton types mix 
and this mixed pelagic life is that which is characteristic of the 
Labrador stream as it flows along the shores of Newfoundland. 

Two other plankton types are shewn on the chart. The Desmo- 
plankton contains as its principal form the alga Trichodesmium, 
a plankton form which we recognise as being characteristic of 
tropical waters. It is found in the Atlantic in the Antilles current^ 
and also in the Brazil current—both offshoots from the South 
Equatorial stream. Tripos-plankton is the oceanic type which is 
characteristic of the north-eastern part of the Atlantic and we 
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see that it fills up the North Sea, the Irish Sea, extends into the 
Skagerak and forms a narrow edging along the Norwegian coasts. 
In elevens chart the Tripos type also includes those forms of 
plankton which are characteristic of the shallow seas. 

Just as a number of oceanic types of plankton can be recognised 
so types of plankton which are characteristic of the shallower seas 
can also be distinguished. By shallow seas I do not mean the 
restricted and highly variable inshore waters within 10 to 20 miles 
from the land but the wider expanses of water such as the North 
Sea, the central parts of the Irish Sea and St George's Channel 
and so on. Here we find a more uniform plankton than that which 
is to be seen inshore, and which can easily be divided into several 
main types. Thus Cleve recognises the following shallow water 
or neritic plankton types: 

Didymus-plankton, a category which includes a number of 
diatom and peridinian forms, and which is named from the diatom 
Ghaetoceros didymus, an abundant species. It is a southern North 
Sea type. 

Northem-Neritic-Plankton. The diatoms LeptocijUndricus 
danicus, Skeletonema costatiim, Ghaetoceros laciiiiosus, and Lauderia 
annulata seem to be the most characteristic forms. It belongs to 
the northern shallow water area. 

Arctic-Neritic-Plankton is characteristic of the shallow-water 
Arctic seas. It is highly complex and its constituents cannot 
easily be summarised. 

Concinnus-Plankton is a characteristic North and Irish Sea 
plankton which appears in the early spring. It contains the 
familiar diatom Goscinodiscus concinnus as its typical constituent. 

Halosphaera-Plankton. Now and then the shallow water 
plankton all round the British seas contains the unicellular 
alga" Halosphaera viridis as its principal form. In the Irish 
Sea it occurs chiefly in the early summer. 

Now the above names have been applied to certain plankton 
collections because the latter contain one form which is usually 
so abundant as to give the gatherings a certain individuality. 
Associated with these there are, of course, a number of other 
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species. The neritic plankton-types are so called because they 
seem to be in some way dependent on the sea bottom in shallow 
water seas. In the latter, just as in the open ocean, wc may have 
well-marked plank ton-types which havt^ often well-defined limits 
of distribution. If the reader will nder to Fig. 29, which is a 
reproduction of Clove's chart of tht^ distribution of the plankton of 
th(^ North Sea in iJanuary 1(S97, he will sei^ that this was the case 
then. Th(‘ ccuitral part of tlu^ North 8ea was covered witli Tripos- 
plankton. Near the la,nd on both the .British and continental sides 
was a broad edging of (kmcinnus-plankton ; and betwe^en this and 
th(^ an^a of Tripos-plankton was a band of HaloHphaera-])lankton. 
Then in tlui Skag(Tak Arctic plankton seems to have prevailed for 
that area was covered with tht^ Sira- and ’'Pricho-types. 

W(; luive considered tlu^sc*, types as if they were always well- 
defined and (‘asily recognisabh^ plankton grou})s, but a little con- 
sid(‘,ration will slu‘.w that this is not always the case. If the nature 
of the plankton is intimately <U‘p(uid(mt on the physical conditions 
of tlu^ watm* in which it occurs tlum W(^ should expect to find that 
wh(Tev(‘r is a mixture of tlu^ water coming from two difierent 
c.urnmts tlu‘r(‘ W(‘ should havc^ a mixtun^. of tlu‘- plankton wliich 
normally inhabits those streams. Thus W(^ havti mixed plankton- 
typt's in which sp(*ci(\s of wi<h‘ly differtnit sources <d’ origin ai‘e to 
b(‘ found. Tlum wluuxj an oceanic curn^nt, such as the Europt^au 
Stre^am, or tht; Labrador curnmt, Hows through an (^xtensivi' stui- 
area, it will encounter V(Ty diff(‘nmt climatic comlitions as the 
latitude^, changes, and so it may happtm that a gradual modification 
of th(;t typ(^ of plankton, which was originally characteristic of the 
stream, takes place with the ckangt‘, of latitudic Thus wc^ find that 
thoiigh tht? water of the Europi^an stnuim from the Azores to the 
Faeroe CHiannel, and then to (jape. North, is always th(‘- sanu^ and 
is unmixed usually with wattu‘ from any otlu'.r source yet tluu*e is 
a gradual r(‘duction of temp(u'ature, and other nudKM)rological con¬ 
ditions changes also. Then^fort'- the <a'ganisms of the plankton, 
which were originally sub-to)pical ones, find a gradual changi^ of 
life conditions and so those which are most susceptible^ to change 
die out as the stream passes to the cxtnmie north-cast. Ho also 
with the southerly Hewing Arctic stream which passes into warmer 
latitudes. 
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As the oceanic currents approach the land their characta^ristic 
plankton changes, not only because the water of tlu^ currtaits 
becomes mixed with water derived from the land, and many organ¬ 
isms which are susceptible to changes in the salinity of tlu' wati‘r 
in which they live die out; but also because a new planktion— 
a neritic type—which is more adapted for life in sliallow waitu* 
already exists there. In the struggle for existt‘n(‘e, that is for 
the always scanty food-stiiffs which are dissolved in tho tliis 
neritic plankton, which is better adapted for the comlitions of Hie 
in shallow water, predominates, to the partial or (‘ntin‘ exclusion 
the oceanic forms. 

Thus owing to the mixture of the different curnmt.s with eac*h 
other and with the coastal waters, all kinds of mixtun^s (h* the 
plankton may be produced, so that sub-typt‘s can oftiui b(‘ re(*og“ 
nised. Seasonal changes in the life of the gns-it curiHUits may be 
observed, and there arc also seasonal changes in tlu^ composiihm of 
the neritic plankton. Add to these causes, which produc(‘ tnixetl 
plankton types, those periodic seasonal changes in t.ht‘ <Urect.ion 
and time of maximum How of the currents, and also tht‘ uuperiodic^ 
changes to which I have already nderred, in the cas<‘ of t.lu^ flow 
of the Atlantic stream into North European seas, and w(^ will stn* 
that changes of the greatest complexity may take plact^ in llu* 
composition of the plankton inhabiting any one s(‘a anxa. 

An endemic plankton which neither niCHuves immigrant forms 
from without the area in whieh it is found, nor s(Ui<1h emigrant 
species to the outside of its own area, is seldom found. Only 
in the “ Halistatic,’' or streamless sea areas, do w'e fm<I suc‘h a 
plankton. kSuch halistatic sea areas are found wherevtu', as in tie* 
case of tho Sargasso Sea, we have a true circulation round a (‘entre, 
so that in the middle of this swirl of \vati‘r tlnu’e is a part whieh 
does not move; or in a lake or an almost land-locked sea; ur 
in such places, as in the Irish Sea between th(^ Isle of Man an<l 
Ireland, where there is no definite current, and to%vards whicdi the 
tides set from opposite directions so that tiny- interfere with 
other and so produce a streamless region. In stich areas tin* 
physical conditions change only with the seasons, and tlxe plankton 
changes are also so determined. 
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A CENSUS OF THE SEA. 

I HAVE discussed the question of the distribution of the 
plankton before quoting any general statements regarding the 
abundance of life in the sea. Obviously the value of these 
statements will depend on whether or not a sample collection made 
with a quantitative net in a certain part of the sea represents also 
the contents of the sea a mile or two further off. This is just the 
difficulty that is encountered in all investigations that depend on 
sample observations. Weather forecasts depend on the determina¬ 
tions of the positions and movements of atmospheric pressure 
disturbances, and these latter are based on the readings of a small 
number of barometers, scattered over a wide area. So also the 
calculation of the average annual rainfall of a county is made 
from the readings of a few rain-gauges situated here and thei'e 
over the district, and the amount of rain at those places where 
there are no instruments may vary, more or less, from that 
recorded at the observing stations. Our conclusions regarding the 
geographical distribution of animals on the surface of the earth 
are based on the results of sample collecticms, and the latter are 
necessarily few in number, and are often imperfect. There is 
always a certain dc^grec of uncertainty in results which are based 
on the study of samples. It must be assumed that the samples 
represent the conditions that obtain at other intermediate places, 
and this is not necessarily the case. 

The validity of all conclusions as to the getieral abundance of 
microscopic life in the sea depends on the truth of the postulate, 
that wherever in the sea the physical conditions are uniform, there 
also the composition and abundance of the plankton is uniform. 
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If this is not the case, if the plankton is distributed throughout 
the sea in a haphazard or fortuitous manner, then we cannot make 
any general statements about its abundance, and the investig<xtiou^ 
of marine microscopic life, apart, of course, from the collection of 
material for speciographic or morphological study, is futile, a pio- 
ceeding “ without rhyme or reason.” But I do not think t]ia.t thii 
student of marine biology will readily come to this conclusion. It 
is true that there are multitudinous foctors in opera,tion which 
cause the plankton near the shore to be highly irregular in its 
distribution; and it is also time that little relia,nce can b(^ placed 
on the collections made by an ordinary surface tow-net, as repn*- 
seating the general contents of the sea in microsco{)ic life. And 
we know also that the quantitative plankton net is a somewhat 
imperfect instrument. But apart from a compa,rativ(^ly narrow 
margin of coastal waters, the physical condition of tlu^ sea may b(‘ 
the same over wide areas, and when we make hauls with a vcu’tical 
plankton net in such offshore waters we find that the composition 
and abundance of microscopic life is usually pretty muc.h tlu' same 
over areas of sea many square miles in extents is, in fact, 

a certain order in the distribution of plankton, just as tlien^ is a 
certain degree of constancy and regularity in tlu^ occurnuuu^ and 
density of the bottom living animals, or the migratory fish(\s. If 
we find that the nature and amount of th(^ ca,tch(\s madc^ by th(‘ 
quantitative nets are, roughly speaking, similar ov<‘r wid(‘ an^as of 
sea, then it is quite a valid proceeding to ma,k(? statenuaits of tlu' 
average numbers of the various organisms which an^ pixxst'ut in 
the sea at certain times in the year, and por unit vtilunu^ of 
water. But the reader must understan<l such n^sults are only 
approximate ones, and that errors arise not only from th(‘ impiu- 
fection of the methods, but also from the lack of uniformity in tlu‘ 
distribution of the plankton. 

There is a certain mass of life always prestuit in thi^s(»a(l) in 
the form of microscopic and macroscopic organisms <lriftiTig 
passively with the movements of tlui water, this is the pIankt,oii; 
(2) in the form of actively swimming fislu.'s and oilun* animals 
(nekton); and (3) as bottom living plants and animals (b{‘nihos). 
It is (theoretically) possible to estimate th(‘ absoluti^ numlxu* of 

^ Soo Appendix. 
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organisms of the first category present per unit volume of sea¬ 
water in the manner already described. It is also possible to 
estimate the numbers of those fishes producing pelagic ova which 
inhabit the same sea. area; and one can also attempt to estimate 
the numbers of the bottom living invertebrates which likewise 
produce pelagic eggs and larvae. But there is no means of 
<‘stimating the numbers of the fishes and other large animals 
which produce eggs or young which do not appear in the ])lankton. 
One can trawl or dredge for tln^se organisms and calculate th(‘ 
numbers caught per unit area of S(‘a bottom swept by the. 
fisliing instrument; but it is impossible to say with certainty what 
prop(u1'ion of the animals living on the bottom were caught by tlie 
trawl and what proportion escaped captui’c. Buch fishing experi¬ 
ments only tell us imperfectly what is the relative density of the 
things captured in different parts of the sea; and what changes 
are taking place from season to season. The material does not, in 
fact, exist for the construction of a ‘'census” oF a, sea area: and I 
•only (piote such results as will give the reader sonu'. idea of tlu^ 
<^xt(Uit to which the sea is populated by sonui pn^dominant 
1 nai’ine. <)rganisms. 

Density of plankton in the North Sea. In lOOd, and 
.succHMiding years, the (German Fishery Research st(‘anu;r Poseidon 
mad(‘ a number of hauls with the Henstui (piantitative'. vertical 
plankton lud* in the North Hea oti the eastern side and in the 
Baltic, and the results of thes(‘ texptuiuuuits have been ptiblished*. 
A cruis(‘ was mad(j (‘.very thr(.‘(‘ months and on (‘ach of these 
(piartiU'ly cruis(‘s a number of “stations” were visited. The 
nurnlxu’ of stations vari(‘s from thre(‘ to fifteen. The })roc(‘dur(' at 
each station is to lower the n(‘t down to tlu^ sea bottom, and tlu^n 
hatd it up slowly to the Burfac(‘. The catch made is tluui ])restTV(‘d 
and substHjmuitly counted. Tlie (‘.olunm of s(‘a wat(‘.r thus 
filt(‘rt‘d is only a small fraction of a scpiare metre in cross section, 
but tlie n^sidts are c.onv(U‘tt‘(l into numbers of organisms (iapturt*d 
per column of wat(‘r of om^ sepurn'. in sectional anxi. This 

does not iuvolv(‘ any (‘rror of moment, as tlu‘ distribution of a 

^ ApHt(‘in, “ Plankton in Nonl- u. auC dcnitHclnni T(inuinfahrton,” 

JCm. Mefin’simterHHch. Kiel Komui. Bd. ix. Abtli. Kiel, 1006. 
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vertical sample of plankton can hardly be expected to vary within 
the limits of such a column. The following table gives the results 
of four hauls taken at stations 2 and 3 in the North Scab I have 
simplified the table from those given by Apstein. 

Principal Plankton present in the North Sea {German Stations 2 
and 3) in a column of water 1 square metre in cross section. 


Estimated Nos. of individuals 


Organisms 

Halosphaera. 

February 

8,000 

1 

May 1 

.. f 

August 

November 

Diatoms . 

3,440,000 

8,'),400 

61,800 

: 5 , 091,280 

Protozoa . 

377,600 

472,000 

11,744,000 

372 , 0 ( K > 

Coelenterates . 

80 

2,720 

400 

80 

Planariae. 

— 

80 


KJO 

Actinotrocha .. 

80 

— 


240 

Polychaete larvae . 

80 

1,600 

160 

4(K> 

Sagitta . 

5,360 

96,160 


(i,960 

3,040 

Copepods . 

489,720 

1,344,400 

198,000 

Cladocera. 

— 


960 


Pteropods. 

4,160 

160 

144,000 

3(),000 

Lamellibranch larvae. 

5,600 

40,000 

40,000 

32,000 

Gasteropod larvae . 

— 

— 


80 

Zoeae . 

— 

80 



Fish eggs. 


80 



Oikopleura . 



32,800 

2,400 


Now these figures represent the results of four typical plankton 
catches and will give the reader an idea of the nature and abun¬ 
dance of microscopic life in the sea—as revealed by the cmploynuuit 
of silk bolting cloth, No. 20, as a filtering medium. Many 
different genera and species of diatonis,protozoa (chiefly peridinians), 
copepods, &c., were obtained, but I have grouped all these to¬ 
gether and the reader who is curious will find the detailed lists 
in Apstein's Tables. It will be seen that the diatoms, peridinians 
and copepods are the most abundant organisms in the sea and that 
one or more millions of some of these things may be containe<i in 
a column of sea-water about 40 metres, or less, in height, and one 

1 Lat. 55° 40' N., Long. 3° 30' E. is the mean position of the stations. They 
are situated on the N.E. of the Dogger Bank. 



















cti. vin] 


A CENSUS OF THE SEA 


161 


square metre in cross area. The worm Sagitta, and some kind of 
coelenterate (usually the ctcnophore Pleiirobraoltia) were always 
present, but the larvae of the metazoan animals occurred less 
constantly. The table shews that pretty much thc^ samegrou})s of 
organisms occurred during each of the four motiths; and that they 
were present in much the same relative proportions. But tlu^re is 
a seasonal change in progress during the year, and tliis is Ix'tter 
seen when the detailed tables are consulted. 

If we consider all th(^ stations investigated during t^ach cruist^ 
wo may obtain an average catch, which is in some rc^spects moix^ 
instructive than the individual catches. It would recpiire too much 
space to give these average catches for all the orgajiisms c<msidered, 
so I have grouped together all the species of each of thti commoti 
diatoms Biddulphia, Rhizosolenia, and Chaetocero.s, of the peri- 
dinian Ceratium, and of all the copepods, and give these aviuuge 
catches in the following table. 


Average numbers of five kinds of planktouic orgionisins contained vn 
a, rola/mn of water of 1 square metre of cross area. Middle of 
I{o7'tk >iea. 



, i 

’ February, i 

jVlay, 

Au^uhI, 

NoveiiibtT, 


3 haiiln 

15 liaulH 

13 iiaulH 

9 hauls 

biddxilphia . 

12S,OO0 1 

9,070 

1230 

10,401,200 

(joHcinodiHCiiH . 

I41MK)0 i 

131,200 

20,(K)O 

415,(KM) 

(Jhaetoccrow . 

1,303,200 1 

13,300,000 

2,r>00,(KK) 

140,409,000 

Coratiuiin . 

1,402,000 ! 

2,!)73,400 

8,413,000 

12,172,000 

Copepod.s . 

215,440 1 

500,000 

1,028,000 

497,800 


Variation of density of plankton with locality. In tlu^ 
Appendix I give tin,', numbers of organisms bt^longing lo t‘ach of 
the above four gemera, and the numbers of all tho copepods, taken in 
each of the individual hauls. Now the readtu'should consult these 
in order to see whether or not the above averages havi‘. any value 
as representing thc^ contents of the whole sea area studitnl 'The 
distribution of the copepods is pre^tty uniform, and 1 think that 
the average catch possessc^s sonui degrcH', of reliability. The occur¬ 
rence of the peridinian Ceratiam is not so irregular as to pnjcludis 

11 


J. F. 
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the possibility of deducing an average. But Biddulphici is 
very irregular and the average catch probably does not possess 
much value. There was always a large number of the diatom 
Chaetoceros present, but possibly a considerable proportion of the 
individuals of some of these species which entered the mouth of 
the net escaped again through the pores. The averages for 
Chaetoceros, then, are probably minimum ones. 

Now, considering Hensen’s much-quoted postulate, we expect to 
find that the plankton is uniformly distributed in a sea where the 
salinity, temperature, &c., are also uniform. If we consider (say) 
the distribution of the diatom Goscinodisous concinnus, at the fifteen 
stations investigated in August we will find it to be extremely 
irregular. But before we conclude that the postulate of uniformity 
is fallacious we must determine whether or not physical uniformity 
prevailed over the area included by these fifteen August stations. 
If the reader will refer to Cleve’s plankton chart (Fig. 29) he 
will see that this diatom is the predominant organism in a plankton- 
t}q)e which is restricted to a well-marked zone of the North Sea. 
Here then is the explanation of the lack of uniformity in the 
catches made by the Poseidon: they were made in sea regions 
characterized by different physical conditions. In an ideal scheme 
of plankton investigation there would be half a dozen steamers 
making simultaneous quantitative collections during three weeks of 
each of the four sample months of the year. These vessels would 
cover the North Sea with a network of lines of observation and 
both plankton and hydrographic work would be done at each 
station. Then we should find that there were a number of zones 
each characterized by water of a certain mean salinity and temper¬ 
ature. Over each zone we should expect a tolerably uniform 
plankton content. Then all the hauls taken on each zone would 
be grouped together and the average of these would be taken. 
We should thus find, not that there was an average plankton 
content for the whole North Sea, but that there were a number 
of sub-areas, and that over the whole extent of each of these sub- 
areas, the plankton would be so similar that it would be possible 
to deduce an average value for its composition and density. Further, 
by the application of the principles outlined in the Appendix we 
should be able to state how much this average deviated from the 
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probable value, and so to assign limits of error to our estimated 
•average values. 

Such a scheme of investigation is perhaps a Utopian one, and 
in the meantime one must take the results as they are. Their 
perfection is of course highly desirable, but until this is attained 
one must not be precluded from extracting what value he can from 
admittedly imperfect data. 

Diatoms. These are the most abundant organisms in the plank¬ 
ton^. The average catches which I have quoted shew that there 
were, in February 1903, over one million of Chaetoceros, and about 
\ million of Goscinodisciis and Biddulphia underneath each square 
metre of surface of considerable areas of the North Sea on the 
continental side. Now the Ohaetoceros, and some of the smaller 
Coscinodiscus species, were probably underestimated ; and other 
genera of diatoms were also present. But enormous as these 
numbers are, they do not represent the abundance in which the 
diatoms appeared at times in Northern seas. Brandt- quotes a 
haul made in the Bay of Kiel in which there were 3173 millions of 
diatoms (chiefly Ghaetoceros). This mass of life was taken by a 
net which was lowered to twenty metrCvS beneath the surface and 
then drawn up again. The area of its mouth was OT square 
metre. Therefore it fished through 2 cub. metres of sea, but all the 
water that entered the net did not again pass out through the 
pores of the silk. It was calculated that only 1^ cub. metres did so. 
Also it was estimated that the silk net only retained one-third of 
the diatoms that were contained in the water. That is li cixb. 
metres of water from the Bay of Kiel contained about 9000 
millions of diatoms, or 6000 to each cub. centimetre. But a cub. 
centimetre contains about 30 drops and therefore every dro}) of sen 
water this part of Kiel Bay contained so'tne 200 diatoms,’ 

This was, of course, an exceptionally large haul. Hensen puts the 
average number of diatoms present in the West Baltic at about 457 
millions per cub. metre, or about 457 per cub. centimetre. This 
estimate applies to the period of maximum abundance, and to the 

^ Except the bacteria, of course. 

“Beitrage zur Kenntn. chem. Zusamm. Planktons,” TFa-if. Meeres. Kiel 
Komm. Bd. iii. Abth. Kiel, 1898. 



164 


A CENSUS OF THE SEA 


[part II 


individuals of the genus Ghaetoceros. At the same time there 
were also present some 102 millions of Rhizosoleiiia per cub. metnv 
or 102 specimens per c.c. These figures really iinderestimatA^ the 
richness of the sea in diatom life, for it is certain that many of 
these organisms living in the sea were too small to be retained by 
the silk of the nets used Speaking quite generally one ma,y 
estimate the number of diatoms which inhabit the North Hea or 
Baltic beneath every square metre of surface as anything betwcH^n 
one and four hundred millions. 

Peridinians. These protozoa are less abunda,nt t.han th(‘ di- 
atoms. We see from Apstein’s results that Cerntinvi, th(‘ comnu>nest 
of the peridinians, was present in thc‘. eastern sid(‘ of thi* North Sea 
to the extent of about millions in February and about 12 
millions in November, for every square metn* of s(*a surface. 
According to HenseAs results Geratium is prestuit in the WT^st 
Baltic in greater abundance than in tln^ North Ht^a. Tln^ avi*rage 
number was about 1-^ millions per cubic metres, or thrta^ imlividuals 
to every cubic centimetre. The maximum nundxu' counttnl was 
thirteen per cubic centimetre. Ceraiiiwi tripos, th(‘ common 
peridinian, is, however, only one species of many that art', found 
in the plankton, and hosts of the smalku* forms must pass through 
the meshes of the nets. One may estimate their abuntlanct* in tlu' 
North Sea. and Baltic as anything bctwetui one and Uni millions 
per square metre of surface. 

Copepods. These animals arc not present in tht' mni in any¬ 
thing like the abundance of the diatoms or ptundinians. But tlu'y 
are much larger, and their chemical composition indicates that thc^y 
are of very great importance' as a source of food hr thi' larg(T 
animals. One single copepod is (on th(' average', for the'y differ 
greatly in size) about ecjual to 160 Ceratia or about 1500 (Jhaeto- 
ceros cells. They are relatively very uniformly distribuic'd 
throughout the sea and arc tibiquitons, for one fimls them at all 
times and places. Apstein’s tables shew that their abundances in 
the North Sea is about one-(iuartcr to e)ne million per sejuare 
metre of surface, the numbers varying with the season. Henson 
found that they were present in the West Baltic to the extent of 
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^bout 80,000 per cubic metre. If we suppose that this represents 
the average copepod population of the sea over large areas, and the 
fairly regular distribution of these animals justifies this assumption 
to some extent, then one square mile of the Baltic contained from 
80 to 100 billion of copepods. Or putting it in another way, every 
-cubic inch of the waters of that sea contained one copepod. The 
estimates of the abundance of copepods furnished by quantitative 
plankton investigations are more reliable than those of diatoms or 
protozoa, for the crustaceans are more evenly distributed through¬ 
out the sea, and they are so large that all are retained by the 
meshes of the silk nets employed. 

The micro-plankton. Thus even the comparatively large 
organisms, like the larger diatoms and protozoa, and the copepods, 
may be present in the sea in very great abundance. But there 
are also hosts of smaller organisms, such as the bacteria, the 
smaller diatoms, protozoa like the flagellates, and other minute 
unicellular animals and plants which are not taken in the quanti¬ 
tative plankton nets in the proportion in which they exist in the 
.sea. I have already referred to the investigations of Lohmann on 
the density, and the means of collection, of the micro-plankton 
which usually escape capture in the nets made from Mlillergaze. 
By using hardened filter-paper and thick taffeta silk as a filtering 
medium, and still more by utilising the contents of the filtering 
•apparatus of appendicularians as a measure of the numbers of the 
•smaller planktonic organisms of the sea, Lohmann shewed that 
there was a wealth of life in the sea not hitherto disclosed by the 
•older plankton fishing apparatus. In the following table^ I give 
some of Lohmann’s results. The numbers of the organisms grouped 
under the term “ microplankton ’’ present in one cubic metre of the 
water of the Mediterranean off Syracuse are given. Those in the 
first column were taken by means of silk bolting cloth No. 20, and 
those in the second column by all other means (hardened filter- 
paper, taff^eta silk, and by the filtering apparatus of Oikopleura). 
The numbers in the third column represent the numbers of the 
•organisms actually present in the volume of water dealt with. 

The table is slightly rearranged from Lohmann’s Table XIII., Neue XJnter- 
^uchungen, <fec., loc. cit. p. 72. 
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Planktonic organisms in 1 cubic metre of water in the 020071 
Mediterranean Sea off Syracuse. 



Caught by 
Miillergaze, 

No. 20 

Caught by 
other means 

Totals 

1. Producers^ ”: 



1,100,500 

Diatoms . 

108,000 

992,500 

Peridinians. 

2,315 

439,385 

441,700 

Flagellates 2 . 

80 

38,600 

38,680 

Halosphaera . 

360 

7,400 

7,760 

494,100 

Other Phytozoa^... 

0 

494,100 

2. “ Consumers^ ” : 




Phizopoda . 

2,650 

3,335 

5,985 

Flagellates*^. 

20 

264,380 

264,400 

Ciliates . 

690 

54,435 

55,125 

Metazoa^. 

5,760 

11,655 

17,415 


Total organisms in 1 cubic metre of water = 2,425,065. 


The table illustrates the defect of the older plankton collecting 
methods. Lohmann estimates that from 28‘5 Vo to 88*5 Vo of the 
smaller organisms escape capture by the quantitative vertical nets. 
These captures were made in the Mediterranean, which is a. 
plankton-poor sea, and it is probably the case that if the same 
observations had been carried out in the northern seas a greater 
proportion of the metazoan organisms (Crustacea, &c.), would have 
been captured. One sees, however, that the ordinary plankton 
apparatus, however well adapted it may be for the quantitative 
estimation of the larger microscopic animals and diatoms, fails to 
some extent when applied to the enumeration of the total plankton 
contents of the sea. All the tables hitherto given therefore nially 
underestimate the abundance of life in the sea. 

The larvae of the plankton. The diatoms, protozoa and 
copepods belong to the permanent plankton. Being adult organ¬ 
isms they never enter into benthic or nektic phases. But the 
ordinary microscopic life of the sea also includes the eggs and larvae 
of animals and plants which, in their adult stages, either swim 

1 See Chap. X. 

^ Flagellates with plant-like mode of nutrition. 

^ Anomalous organisms (“plant-animals”). 

^ Flagellates with animal-like mode of nutrition. 

® Includes all multicellular animals. 
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about in the sea, or live permanently attached to the bottom. A 
catch made with any kind of plankton net will usually contain a 
number of such eggs and larvae. For a time these drift about as 
constituents of the planktonic life of the sea, but at some stage in 
their life-history they abandon this transitory habit to take up 
their definitive mode of life among the benthos or nekton. 

These transitory planktonic organisms are never so abundant 
as the three groups mentioned above. If a tow-net is used in in¬ 
shore waters sometimes a haul will be made which consists almost 
entirely of the larvae of some invertebrate benthic animal, but 
such collections are not often made. One may now and then find 
the tow-net to contain only the zoea or megalopa larvae of crabs, 
or the plutei of some sea-urchin, or the veliger larvae of some 
mollusc. Thus Hensen records some hauls in the West Baltic 
which indicated that the sea in the neighbourhood of the place 
where the net was used contained some 170,000 larvae of the 
common mussel {Mytilus edulis) per square metre of surface. 
Sometimes these catches of larval planktonic animals may give us 
some indications of the density, on the sea bottom, of the adult 
creatures which gave birth to them. If, for instance, it had been 
known what were the exact limits of distribution of the shoal of 
Mytilus larvae to which I refer above, it would have been possible 
to calculate their approximate number; and if it had been known 
what was the average number of eggs spawned by an adult mussel, 
and if the probable destruction, by natural enemies, of these 
larvae could have been estimated, then it might have been possible 
to estimate the number of adult mussels on the sea bottom of the 
region inhabited by the larvae. The possibility of such estimations 
of the density of nektic and benthic animals is the chief object 
of the quantitative study of the larvae of the plankton. 

Density of fish-eggs and larvae. Hensen’s investigations of 
the density of fish ova are among those results of quantitative 
plankton work which have been most discussed in this country. 
Because of their economic importance the fishes have been studied 
more carefully than any other marine animals, and we know a 
great deal about the life-history of the more common species. We 
know, for instance, the average numbers of eggs annually spawned 
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by the cod, plaice, haddock, whiting, and so on; the average 
duration of the incubation periods of the eggs belonging to these 
species; the spawning periods; the characters of the eggs and 
larvae; the ratio of the sexes in the adult phases; the rates of 
growth; the distribution, and so on. If it is possible to estimate 
the actual numbers of the eggs belonging to edible species of fishes 
inhabiting a sea of known area, which are produced during the 
entire spawning season of the year, then it is also possible to esti¬ 
mate the actual numbers of adult fishes of the same species in¬ 
habiting the same area—^not by attempting to calculate (as Haeckel^ 
supposed that Hensen did) what numbers of adults would result 
from the growth of these eggs, but by calculating what numbers of 
mature females had produced the eggs. This is what Hensen and 
Apstein attempted in the ‘'Nordsee Expedition” of 1895“. 

Such an investigation presents fewer difficulties than are (.m- 
countered in other quantitative plankton researches. Fish eggs 
are comparatively large organisms, and therc^fore nets of fairly larger 
mesh (No. 3 Mlillergaze) can be employed so that the filtration 
capacity of the apparatus can be calculated more accurately t.han 
in the case of the finer nets employed to catch diatoms and pro¬ 
tozoa; the eggs studied are specifically lighter than waku' and 
float comparatively near to the surface, so that it is easita* t.o work 
the net and obtain fair samples; and they are (piite immotile and 
are not heliotropic, and so are more equally distributtnl than iiiv 
copepods, diatoms or larvae. The spawning period of most si»a 
fishes lasts about two months, but there is always a maximum 
during which more eggs are prodiujed than at other times. Tlu‘ 
incubation period of most fish eggs varies from a wtu‘k to a fort¬ 
night, according to the species and temperature of tlu^ sini. Sup¬ 
pose that a plaice egg takes exactly fourkH^n days to dm’'(‘Iop: at 
the end of this time the larva hatches out and tln^ egg disappears. 
The average number of plaice eggs found ptu' square metn.* of st‘a 
must then be doubled to give* us the total average number pro¬ 
duced during February. By making very fa^quent obsiu'vations; 
by considering the incubation periods of each species of egg cap¬ 
tured ; and by taking into account the influence of temperature on 

1 In the Plankton-Studien. 

- Wiss. Meeresunt. Kiel Kornm. Bd. xi. Hoft 2, 181)7. 
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the duration of the incubation period, Henson and Apstein were 
uble to estimate the total number of the eggs of various species 
.spawned in the North Sea during the spring of 1(S95. 

The Nordsee Expedition was made during the period 15 
February—1 May 1895 ; thus including practically the whole time 
of reproduction of the species of fishes investigated. These fishes 
were cod, haddock, flounder, plaice, dab and long rough dab. Threes 
cruises were made: 15—22 February; 27 February—9 March; and 

23 April—1 May. On each cruise- a difftn’ent course was set s(y 
that the vessel covered the whole North Sea with a network of 
lines of observation. The whoh^ time spent in fishing was 
251 days; and 3397 nautical miles of high sea werc^ travers<d, and 
1()7 hauls of the quantitative plankton net were made. The fish 
■eggs contained in each catch were identified and counted and the 
results were expressed as the average numbers contained in the sea 
per square metre of surface. Each average was calculattMl from tin* 
results of 1 (i7 hauls spread over 33i)7 nautical miles of sea, and ov(‘r 

24 months of time. Not only w(‘r(' the individual eggs counUul 
but. the stage of devOopment of the embryo was noted. Hiese 
•stagws wen^ (1) blastoderm, (2) embryo just visible, (3) tunbryo 
mark(id off, (4) rudinumt of eye formed, (5) (‘ye fully formed, (6) 
larva hatched out. It was (ff‘ importance*, to record the (‘.ggs found 
which W(‘.re in tht* first stage's of ch'avage, since* an unusual abund¬ 
ances of thes(s would be* indicative* of an aggrisgation of spawning 
fishes on the scei bottom, and th(*r(*fore of a ‘bspawning phme.” If 
such an abundance of re(e*ntly spawmel eggs wc're encountered tiu* 
instnu'.tions given to the naturalists wcu’c* to cruise*, round tin* spot 
wht*re the haul was made and deterrmim* the* limits of distribution 
of the shoal of ova. Then tlu^ trawl was to be* us(*d and tbe^ dcnisity 
of spawning iislms on the bottom invc'stigatcel It is impossible* 
to ovc'rc'.stimati* tlu* skill with which this rc^sc'arch was carried 
out, and the* (‘arc* whicdi was taken to avoid error in the* 
results. 

I have given the details of the* catchers made in th(*st* cruisers in 
the. Appendix and the reader will sen* that fish eggs were taken in 
158 out of 167 hauls. Now let us consid(*r the case of the cod t*ggs 
obtained. In cruist* I. 57 hauls wtu'ci made and 18 of these were 
ncjgative. In cruise IL 48 hauls out of 51 yi(‘ld(?d cod eggs. In 
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cruise III. 59 hauls were made and 13 were negative. The average 
numbers of cod eggs captured were:— 

I. 21-4 ) 

II. 94*7 > per square metre of sea investigated. 

III. 16*4 J 

Now consider the relation of eggs in different stages of de¬ 
velopment. If we divide all the ova taken into three groups we- 
have the following ratios:— 

I. 1st stage : all later stages : larvae = 100 :114 : 2*7. 

IL do. : do. : do. =100:167:18*3. 

HI. do. : do. : do. =100:221:141. 

The well-known course of a spawning season is as follows: at- 
the beginning of the season few fishes are spawning and the number 
of eggs per unit area of sea is therefore small; further, most of 
these will be in the earlier stages of development. At the middle 
of the period the maximum amount of spawning occurs; there is 
therefore a maximum number of eggs per unit area; and a greater 
proportion of these are in the later stages of development. At the 
end of the period the numbers of spawning fishes fall off; the 
number of eggs per unit area decreases; and there is a greater 
proportion still of later stages and larvae. Given a spawning 
period, the duration of which is much longer than the incubation 
period of the eggs, and this sequence must occur. But just these 
relations between the numbers of cod eggs taken on the three 
cruises, and the same relations between the various stages of de¬ 
velopment, are exhibited in the above synoptic tables; and these 
facts are evidence that the results of the hauls represent closely 
the natural conditions, which our knowledge of the life-history of 
the cod would lead us to expect. 

Now from the results of these quantitative plankton hauls 
Hensen and Apstein calculated that there were produced in the 
North Sea, during the spawning season of 1895, 354*8 cod eggs per 
square metre of surface; but the area of the latter is approximately 
547,623 millions of square metres, and therefore the total number 
of eggs produced over the entire area in the spring of 1895 was 
194,297,000,000,000. 
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We know from actual enumerations what is the average numbei' 
of eggs annually produced by a ripe female cod. Fulton^ deter- 
mined this in 1890 in the course of a laborious investigation into 
the average numbers of eggs annually spawned by the various 
edible fishes. The average number of ova produced annually by a 
mature female cod is 4,398,700. Now we find a certain number of 
cod eggs in the North Sea in the spring of 1895. If then we 
divide this total number of eggs produced during the breeding 
season of the fish by the average number known to be spawned by 
each ripe female, we can calculate the total number of fishes of that 
category present on the sea bottom during the spawning period— 
that is to say, the number of fishes which have produced the ova, 
Hensen found this total number of ripe female cod in the North 
Sea during the spring of 1895 to be 44,172,000. 

Numbers of edible fishes in the North Sea. In just the 
same manner, that is from a knowledge of the total numbers of ova 
produced during the spawning period (determined by quantitative 
plankton observations) and from a knowledge of the fecundity of 
the fishes considered (determined by actual observations), Hensen 
and Apstein estimated that there were present in the North Sea 
during the spring of 1895;— 

Spawning female fishes Numbers present 


Cod. 

Haddock. 

Plaice. 

Flounder . 

Dab. 

Long rough Dab^ 


Total for six species j 1206,319,000 

Assuming, for the moment, that these figures are accurate we 
will proceed to expand them. They apply only to the mature 
spawning females of the species mentioned: the total numbers of 
each species are obviously much greater. To the numbers given 

1 Ann. Kept. Scottish Fishery Bd, ix. Pt. 3, p. 254, 1891. 

2 JDrepanojpsetta limandoides. 


44,172,000 

180,239,000 

103,240,000 

37,807,000 

772,700,000 

68,161,000 
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must be added the numbers of lipe male fishes, and the numbers 
of immature fishes of both sexes. These quantities can be calcu¬ 
lated from a knowledge of the ratios of females to males, and from 
the ratio of mature to immature fishes of the six species dealt with. 
The material for the construction of these ratios exists in the 
fisheries literature. Fulton determined the ratios of the sexes in 
the case of most edible fishes, and for the six species in question, 
it is' 

Females : males = 280 : 100. 

But it is much more difficult to estimate the ratio that mature 
fishes bear to immature ones. A good deal of work has been done 
in this direction but the results are not collated. In 1894 Holt^ 
calculated that about 7,084,000 mature plaice were landiMi at 
Grimsby during the period April 1893—March 1894, and that 
9,166,000 immature plaice were landed during the same twelve 
months. Therefore more immature plaice are caught than mature 
■ones, and the same is true with regard to the other species. ''.Phe 
ratio varies with the season, the locality, and the method of fishing; 
thus the whole inshore plaice fishery is practically one for immature 
fish, and enormous numbers of the smaller fishers are landed at 
some ports (London, for instance), while very large (juantities are 
sometimes caught by the trawlers and are not brought ashore at all 
Generally speaking the numbers of immatun^ individuals of a 
species are greatly in excess of the mature individuals. I think 
that for the North Sea, and for the six fishes numtiouiHl, wt‘ may 
.assume that the ratio of mature to immature^ individuals is about 
1 : 5. This estimate may not be accurate^ but it. cannot be very far 
out. Considering then both the mat\ire malt's, and the immatun^ 
fishes of both sexes our estimate of part of the. fish population of 
the North Sea in 1895 becomes:— 

Mature female cod, haddock, plaice, fiouuderH, dabs 


and long rough dabs. 1200,319,000 

Mature males of the same species. 430,000,000 

Immature males and females of the same species ... 8180,000,0(K) 

Total population... 9816,319,000 


^ Holt, Journal Marine Biol. Ash. YoL iv. p. 414, 1895—7. 





CH. VIIl] 


A CENSUS OF THE SEA 


17S 


Here then we have a preliminary estimate of the total numbers 
of some kinds of fishes inhabiting a definite sea area. To what 
extent does it repi'csent the actual conditions ? I think that it 
can only be regarded as a first essay at such a census. In the first 
place the accuracy of the results depends on the accuracy of the 
estimate of the', average number of eggs present in the sea, per 
s(]nare metre of siirfact'—that is, on the exactitude of the fishing 
operations involvtul in the capture of these eggs ; and on the validity 
of the d(‘duction of the average from the individual numbc'rs— 
that is, on thi) degrije of inccpiality of distribution of these plank¬ 
tonic fish eggs. Now if the reader will consult the Appendix, still 
b(d-ter if hi', consults the original tables given by Hensen and 
Apstein, I think he will conclude that this inequality of distribution 
was not so great as to rob the estimated average of a certain 
amount of value. If we take the total number of eggs of our six 
species I think that the average number found per S(piare metre 
may be regarded as an approximatt'ly accurate one, and that tlui 
probable error of the estimate may be calculated. If this is the 
case, theu) the pelagic estimat.c^ of the total numbeu* of fish eggs in 
tlu‘, Nort.h Sea must be regarded as a rough approximation to the 
truth; and again, if this is the ease, thcui it is justifiable to calcu¬ 
late from this the numbtu- of adult fishes iu the same area. 

But when Hensen and Apstein made their investigations the 
characters of the various species of pelagic fish ova were not ac¬ 
curately det(‘rmiued. It is always difficult to uhmtify a planktonic 
fish egg, and in 1895 our knowledge', of the life-histories of fishes 
was not (‘xact enough to cmable this identification to be mack' 
with ceriuiuty. Hensc'U and Apsttun, thcrefon', confused eggs 
belonging to different spctcies^—the cod and plaice for instance; 
and w(^ must conchuhi that tlu^ numbmes r(q)res(',nting tlu', pro¬ 
portions in which th(^ six spc'cies, cod, plaice',, haddoe^k, flounder, dab 
and long rotigh dab occur, have little or no n^al value. Hut so far 
as concerns tlic total autnber of all the species, it is probable 
that tht^ results are rough approximations to tht' truth. 

How close* is the approximation ? Wij have reasons for ce)n- 
cluding that the*. fe>rmidable numbex‘B given in the prcvioxis pages 
are ne)t blind gue'sses at the truth, but have some degree e)f ])re)b- 

^ Sec HeiiHOi), I^Ieeresiott, Kiel Komia. Bd. v. Abtli. Kiel, p. 157, 1901. 
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ability. Consider the quantities of fish landed in one year from 
the North Sea. In 1904 there were^:— 


Cod. 70,554,148 kilogivaniinos 

Haddock . 166,3!)1,042 

Plaice. 58,401,073 „ 

Dabs . 9,551,591 „ 

Floundera. 1,982,415 „ 


Dabs and flounders are probably much underestimated. 

Long rough dabs are apparently incorrectly estimated. 

Now the relation of the weights and lengths of these fishes is 
known, and also the average lengths of the fishes usually landed. 
'' Equivalents ” are given in the Bulletin- Statistiqm which cuiable 
one to convert quantities of fish into numbers of individuals. The 
conversion is, in some cases, only a roughly approxituate one, but 
in other cases it can be carried out very exactly. D’Arcy Thompson 
first shewed what the relation of weight and length was in IIk*: case 
of the plaice; and Heincke and Honking- have given a formula for 
this fish which is very convenient. It is 


weight (in grams) = 


length’* (in ems.) 

'^Yo(). 


X constant. 


The constant varies from 0*8 to 1*0. It (U‘ptmds on thc^ con¬ 
dition of the fish, which varies with the season of the ycuir. 

The numbers of fishes, of the five spt>eies mentioned, lamled in 
1904 from the North Sea were :— 


Cod. 05,19:i,OCK) 

Haddock . 274,540,000 

Plaice. 220,100,000 

Dal)H. 37,270,0(K) 

Flounders. 7,7(>0,000 

Total... (513,931,000 

Basing our calculation upon Hmnsen and Apsteins n^sults we 
found that about 9000 millions of thesi^ fivt.^ fishes might have 

^ The figures for 189r5 cannot accurately be aHcertained, Those for 1904 
arc taken from the Bulletin StatiHique of the International Fishery Council, 
Vol. I. 190(). 

^ In “ Schollen u. Schollen Fischeroi, 8. 0. Nordseo,^’ in BeteiUguntj Deutsch¬ 
land Internat. Meeresforschimgen, iv.—v. Jahrenber, denUck. Wm. Comm, Uerlin, 

1907. 
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been living in the North Sea in this year. But only 600 millions 
have been captured. Is this what one would expect ? I think it is, 
for our 9000 millions might easily include one-third or one-half of 
that number of small unmarketable fishes which would either not 
be caught, or, if caught, would be returned to the sea. If it in¬ 
cludes one-half, then the fishermen captured only about 13 per cent, 
of the fishes actually present. 

There are no means of ascertaining exactly what proportion of 
the fish which frequent a fishing ground during a whole year the 
fishermen do catch. It is pretty certain that when a trawl-net is 
dragged through a shoal of fish on the sea bottom it only catches 
u few of those which lie in its way. Heincke and Henking (in the 
paper cited) marked about 600 living plaice and then liberated 
these on a restricted area of the North Sea, and trawled with 
the object of recapturing their marked fishes. But the results 
were inconclusive. Marking experiments of this nature have been 
carried out on a rather extensive scale, both in England and on the 
continent of Europe, and the results seem to indicate that from 10 
to 25 per cent, of the marketable plaice present on a sea bottom 
throughout an entire year are caught by the fishermen. But so 
many uncontrollable factors affect experiments of this kind that 
their results are problematical ones. 

Density of population on the sea bottom. If we assume 
again that our estimate of 9000 millions of cod, haddock, plaice, 
flounders, dabs and long rough dabs represents roughly the popu¬ 
lation (with regard to those species) of the bottom of the North 
Sea, then we may calculate the density of distribution. The area 
of the whole sea is 547,623 millions of square metres, so that if we 
divide 547,623 by 9000 we obtain the average area inhabited by 
each fish. This is about 60 square metres, or each fish inhabits a 
square of sea bottom which measures about 8 yards along each side. 
Here and there the density will be much greater, and at other 
places it will be much less. Those species form the bulk of the 
bottom-living fish population, and even when we remember that 
other edible and inedible fishes and invertebrates are present also 
on the sea bottom, the estimate of the density of life on the sea 
bottom does not seem to me to be an improbable one. But we 
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must not forget that there are a considerable number of fishes, like 
the herring and mackerel, which inhabit the u})pcr layers of the sea. 

Very many observations point to the conclusion that the density 
of life, both fishes and invertebrates, is greater on the sea bottom 
in close proximity to the land than in deeper water further out to* 
sea. It is in such inshore waters that one finds the greatest wealth 
of animal life, and I may give, as an instance, sonu^ figures relating 
to the density of fishes and invertebrates on a comparativi^ly small 
part of the sea bottom just outside the estuary of thi^ rivtu’ Ahu’sty 
in Lancashire. The results of‘ scvtu'al hundrtMls of hauls with a. 
shrimp trawl made during the years 1893—1899 on this ground 
shew^ that the average numbeu* of fishes of all kinds ca})turi?d })er 
haul of the net was about 5000, of shrimps 4500, a.nd of oth(U’ in¬ 
vertebrates about 2500. Thus the total numlxu* of animals eajjLunxl 
per haul was about 12,000, and vauy ofttm much larg(‘r (^atdies 
than this were mad(.\ The kaigth of the av(‘rag(‘ haul of the trawl 
net was about two miles, and the width of th(‘ mouth of the md- 
was twenty-one feet; thus ixx each drag a,n area of about 21,{)0(> 
square metres was swept, and oru^ animal was capt.ur(‘d for 
two square metres of sea bottom. Now may ho fairly stirt‘ that 
not more than one-fifth of thc^ largc*r animals pr(^s^ait on the bott(un 
was actually captured by the m.‘t; and Wi‘ may also l)t‘ sure that 
a considerable fraction of th(‘ total population of tht‘ stai bottom 
consisted of small animals, above microscopic dinumsions of course, 
either resident on th<3 fioor of t,he siai, or burrowing in tht'. sand and 
mud, which wcr(‘. too small to b(‘ capabh‘ of ca]it,nn‘ by a m‘t having 
the mesh of a shrimp trawl. 1 think it (piite probabh^ that tlun-e 
wore on this part of the sea bot.tom not less than twenty, and not 
more than two hundred animals varying in size* from an amphip<Kl 
(J inch long) to a plaice (eight to toxx iiidioH long) on (‘very sepiaro 
metre of bottom. 

Of course the variability of dtuisity of lif(‘ on the sea IxiUom in 
inshore waters is so gn‘at that tliose numbers ar(‘ often vastly 
exce(‘ded. Thus part of a mussel bed may hava? a population of 
10,000 molluscs to every sqmm/ foot (say lOOO sepem.) and at 
times, when such a mussel Ixxl is being dea’-astattnl by star-fishesy 
the sea bottom may literally lx‘ carpeted by these animals. Homc- 
^ Aim. Itept. LiutcaHhin* AeioFi^h. Labij. LivcTpool, 1900, p. SO, 1901. 
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times the stones of a sea beach may be entirely covered with 
barnacles (Balamis), or periwinkles. But, of course, such instances 
of great density of population, and also those due to shoals of 
gregarious fishes like herrings or sprats, are rather exceptional and 
do not represent the average density of life of an open sea area. 
Just as in the case of the plankton we find that the density and 
composition of life dej)end on, and vary with, the physical conditions; 
so also we find that the abundance and nature of both the benthic 
and nektic fauna arc variable, and that the amount of variation 
is greater the nearer we are to the coast. 


12 



CHAPTEE IX. 


THE PRODUCTIVITY OF THE SEA. 

It should hardly be necessary to warn the reader that he must 
not interpret the phrase ‘'Census of the Sea” in too litm*al a 
manner. The enumeration of the population of a country with 
respect to the age, sex, occupation, &c., of the individuals com¬ 
posing it is a process which is carried out with a high degree of 
accuracy, and I do not for a moment suggest that any imunu^ration 
of the individual organisms inliabiting a part ('>f the non cm\ be 
made with such pretensions to accuracy. The materials from which 
such enumerations ar(^ made an^ (1) (juantitativi.^ plankton investi¬ 
gations; (2) fishing experiments; and the commercial fishery 
statistics. Now the plankton investigations claim to give only 
rough approximations to the truth: fishery experiments cannot be 
made so as to give absolute values for the numbt‘rs of fishes and 
other animals residing on the sea bottom; they can only afford 
relative values for the density of life in tln^. sea; and the commercial 
fishery statistics are so imperfectly colb'ctcni that their tise for Jtny 
scientific purpose generally leads to disappointment. What then 
is one to do if he wishes to form any idea as to tlnj (piaiititative 
distribution of organisms in the sea, or in fresh water ? With 
such imperfect methods and data only rough approximations can 
be made. It is no service to science oidy to urge “ counsels of 
perfection,” one should rather make use of what data are available, 
and trust that the provisional results thus attained may assist in 
the further elaboration of methods of investigation ; and even if we 
are unable to give accurate figures for the population and pro- 
dxictivity of the sea, it is always of interest to know what arc the 
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approximate valtios. W(‘ may not be able to find out, Henseii 
says, whether our neighbour's income is £10()() or £1200 per year, 
but W(‘ are interesttMl in knowing whether he is a millionaire, is 
wt‘althy, or is only in comfortabh* circumstances. 

Our (‘stimat('s of tlu' abun(lane(‘ in tlu^. sea of diatoms, protozoa, 
copepods, fishes and so on, an‘ of just this di^gree of value. But 
even wlnui we luivt‘ obtain(‘d tln^sc' approximafi^ figures for the 
population of tlu‘ s<‘a it is not (uiough, for such populations are 
continually changing. Orgatiisms di(^ and fall to the sea bottom 
and de<‘ompos(% or an‘ dt‘Voured by thOr (memies or are captured 
by tnan. Birth-rates in t.lu* sea vary with each kind of organism 
and ehanig(‘ with the season, and tht‘ rates of growth undergo 
corn^sponding fiuctuations. Dc^ath-rates too chaiigtnvith tlu‘ season, 
and with (‘hangi^s in the density of inimical organisms. Not only 
umst wt^ atbuupt t-o (Estimate tln^ density of population in the sea 
at a give!\ time, !)ut we. must, also try to find out what mass 
of liviiig Huhstauee is piU’iodieaJly gcuuTated. 

It is much umn‘ difiuudt to atttuupt such estimations of 
tin* produetivity of a, s<‘a art‘a, than menly to att(‘m])t to ascertain 
tlu' mass (>f lif(‘ at <uu‘ particular tiuu*. Man has hanlly at all 
eult ivat.ed tiu* sea in thi‘ way that In^ eultivat(‘S tln‘ land. When 
<‘ouipart‘d with the present ])osition of agrietdture then^ is hardly 
nnv sei<‘net‘ of acpiitadtun^. With th(‘ (‘xeeptiou of ccu-taiu 
attempts by fliuisen and Brandt to tsstimate the productivity 
of (Muiain inslutn* s«‘a an‘aH in tht‘ Baltic, an<l a, vtuy ineomphdA^ 
study, hy tln‘ (a‘nnnus, of t.lu' (‘onditions of eulturt^ in carp-ponds, 
i!te st‘ietir(‘ of mpiieulturi* is pract.ieally non-('xist('nt. It is true 
that botli tbe Fnaub and Dtiieh (‘ultivab^ oystem on (piiti^ a large 
scale, and tln^ Americans <li*al very largely with the artificial 
fiui ilisat-iou and rt*ariiig <»f marim^ and fn\sh-wat(a* fislujs, and in 
tins count ry tn>ut ami salmon hatching is carried on to som<‘. extent, 
Btit the French and I)ut(*h oystiu' farms are <‘onductt‘d in 
apparetUly a ptirely empirical mamuu’, aiul both American and 
English fisli eultun^ is as yet ((uitt' (‘xpiTinuuital in its aims. 
Agriculturists hav(‘ aequired mueli information as to the conditions 
of eultivathui of cr(»ps, tlu^ metabolic pnicesses invohasl in the 
n*aring and faittuiing of livit stock, and so on; and it is known what 
mass tjf produce iu tlu* i\mn of cauval and other crops and live 

12—2 
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Stock can be raised” from unit areas of difftTcTit soils iiiulcT 
different conditions, but such knowledge hardly (‘xists with r(‘gard 
to marine economic producii. 

I will collect here what data are available with regard i.o 
the productivity of the sea. Oiu^ turns naturally to tin* fislnwy 
statistics in attempting such estimations* If w(^ can usc'ertain 
what quantity of fish is lan(le<l amnia,Ily from the North Hvii, 
we may have the data for a firsti essay at tin* prodiud'ivity ol a 
fishing area. A year or two ago such information was not very 
accessible but during the last two yc^ars tin* InU‘rnational (Council 
for Fishery Investigations have ])ublished fairly compkdi* statistic's 
and I quote these herel 

Productivity of the North Sea fishing grounds. In tin* 
year 1904 the fishing fleet.s of H.ussia, Norway, Swtslen, Dc^nmark, 
Germany, Belgium, the Nc'tlu'rhinds, England, Scotland and Ireland 
caught in the North Sea and landc'd at European ports 907,4dd,()CH) 
kilogrammes, or 951,900 tons of fish. The an*a of the North Sea 
is equal to 547,028 millions of scpinrc* metrt‘H“; we find then that 
the yield of this fishing arcMi was (in 1904) 

17*0 kilogrammes per hc'ctan* per ammm, 
or, putting the same thing in Knglisli mc‘aKur<‘s: 

15 lbs. per acre pm* annum. 

If we take the avea’age value* of the fish caught m about 0*284 
shilling per kilogramme, tlu‘n the nauay valm* of tiu* North 
Sea was Is. ikL per acn* ptT annum. 

Now this is ciTtainly a minimum value for the yield per unit 
area of the North Sea in fish th*sh. Fishing boats do not go to sea 
to make scientific eleductions Imt to c*urn money for their ownem, 
and tluy only bring to land sueli preHlmis as command a n^ady 
saU* in the markt^ts. Thus hosts of small and inedible fish arc 
caught and immediately shovelh’d <n’t»rbcmrd. Shellfish (lotwters, 
crabs, shrimps, molluscs, &c.) are not included, for tin* difiieulties iii 
the way of (‘stimating tin* catch of thest* creatures are too great. 
Probably the (juantity (offish inelndtnl itj the Ktatistical returiw is 

^ Hotj Jhtlletin Stuthtiqui* den Prvhi’H detf Pay m dtt Niffd de rp.untpf, 

Vol. r. CopctauiKue, UlOt. 

- KarstOD, “Noue Bem-himng mittl Osiwuu*,'’ IHIH. 
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nn(l<‘r(Nstiin;U/(‘<l. I he reader iiiustj tliorefori' recj^jird this yield 
of 171) kilognumues per liectan* as only something to start out 
from in our investigation. When compand with other reliable 
<‘stimat(‘s of tin* prodtictivity of a sea area it app(*ars very small. 

The North-Western fishing grounds. Tin* North Sea is 
only oni* fishing aiva, and it may int(*n*st the reader if I give here 
the total (minimally estimated) value of tin* fisheries of the North 
European nationsh Tin* figun‘H for the year n)()4 are 

Qmffititi/ and vaine of Jink landed from the fwhhaj (jromids 



of Wer//); Enrop<u 



(Quantity (kilogrannnea) 

ValtUi, .0 

RtisHia ... 

4,4H8,4()0 

02,220 

Sweden.. 

01)0,802 ^ 

317,037 

Norway.. 

311,014,102 

1,020,380 

l)i*nmark .. 

37,434,824 

571,421 

(hTiiiany .. 

01,470,838 

004,008 

Nf*th<‘rlands.. 

123,210,807 

007,118 

llel^iuiu . 

, 2,800,500 

80,100 

Kn|j^Inn«i ... 

577,310,207 

0,770,087 

Se(jtlund . 

403,740,711 

2,307,002 

Ireland.... 

48,353,208 

303,030 

1'otal. 

157g570V)00 1 

! 013,840,417 


’'fhat is, about milllt)ns of ton.s of edibh* fishes worth about 
14 millions of pounds wen* takt*n in tlu* yisar 1904 from tin* fishing 
grounds of North«*rn Europe. 

Productivity of an inshore fishing area. (ienerally 
speaking one would c*xpect a greatt*r n‘turn from the fisheries of a 
part of ih(‘ sea lying nt‘ar tin* land than from an uptm st'a region. 
This is b(»(*ause the gn*ater btdk of tin* fish taken from tln^ North 
Hi‘a are caught by means of trawl nets, liiu's and drift nets, whih^ 
in an iiishon* fishing an‘a not only an* tln'si* nn‘tln)ds employed 
but there is also a great amotint of fishing by smalh*r boats 
ft>r shrimps and prawns, and also a considerable amount of stake 

^ Hm Ituii- Stat, Tlw auautiticH de not include HhelUinh landed. The uiouoy 
vaham dn. 
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net fishing. Since there is also a longer coast liiu^ rdativdy to 
the whole area, the foreshore fisherit's for shellfish and by nu'ans 
of stake nets are also relatively greater. Probably, too, tin* fishing 
is generally more intense in an inshor(\ than in an o]Hn sea an^a. 

We may take Morecainbc Bay on th(‘ wc^st (M)ast. of I^higland as 
a good example of such an inshore fishing area. '*rhen‘ wt‘ hav(‘ 
trawling, some lining, and a very considerable fishery ibr shidlhsh. 
The area of the Bay, including tln^ fonvsliona is about- loo s<|uan' 
nautical miles (or 58,000 hectart‘S, or 181,000 imvs). In tln^ 
year 1906 there were caught in tin* Bay, and huidi'd at tin', 
fishing ports on its shores, 4680 tons of all kind of fishh 
Dividing this by the total area W(^ find that tin* yi(‘ld was 
89 kilogrammes ])er hecta-n* ]H*r annum ; 
or 79 lbs. per am* pt‘r a-nnum; 

and the value is about 2s. iUi. ]H*r acn* per annum. 

Productivity of sonae inshore shell-fisheries. We s(h^ 
then that au inslnm* fishing area is ustmlly more productive* 
than an open sea one, partly bt'cause tlu‘rt* is, as a. rule*, merci 
fishing carried on near the* shore than W(*ll otit at S(‘a, and also 
because there is, as a rule, a nn>re abundant- fauna in the shallow 
waters near the short*. Now wt* may narrow down our empiiry 
still further and try to asc(‘rtain what is tin* yi(*l(! of a slu’llflsh 
area such as a shore containing many musst*! or cot*kh‘«bt*<ls. 

Reliable figures an^ availabh* foi* tlu* musst‘1 fishtTtt's at i kaiway, 
on the coast of North Walt's, and MortHNumbt*, in *Muret*ambe Bay 
in Lancashirt*. If wti take* the cast* of the* Mcrecandn* musst*] 
fishery we find that the* art*a covt‘rt‘d with mussel btsis is about 
578 acres, or 284 lu*ctart‘s in extt‘nt. In 1906 tin* (|uuntity of 
mussels taken from thest* grounds was 49,908 cwts., or 2,540,000 
kilogrammes- 

^ The year 1900 in tlrRt ont* for whieh actmraU* HtatiMticH art* ttvaila!4i\ 
Prior to this date statistics were collceiod by the* Board of Trade atitl the* 
Board of Agriculture and r'isbcrics but tlu* values |)ubHhhf‘d are probably low. In 
190() the Lancashire and Westt'rn 8ea Fisheries Ct>mnutt(*e began to Hupervisc the 
collection of data and reliable returns were obtained. 1 ann indt‘bti‘d to Dr .h^nkins, 
of the Ijancashire Committee, for the figureH. 

Lancashire and IVeatrrn Sea Fisheries^ Superinfendent'^n Ueptm^ HI Dts’ember 

1906. 
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^rhi‘r('f<m‘ \v(‘ hav(.‘ a yield of 

l(),S(K) kilegrainines per hectan^ per annuiu; 
or SiJ tnvts. per acre per annum; 

and thi‘ money valm^ is X14. ]Hn- acre i)er year. 

In tlu‘ east‘ of th(‘ Conway mussel fishery the area exploited 
is about 251) acres, or I03'() hi‘etar(\s. In H)0(> the total (juantity 
landed was 22,252 ewts., or 1,130,()()() kilogramniesb This gives 
us a yi<‘ld of 

I(),!H)0 kilogramnu's pm* lu^.ctare per annum; 
or 87 cwts. per acn* per annum; 

and th(‘ money vahu‘ is £14 18,s*. per acre-. 

In 1800 I (‘stimatcal'* the total produce of th('. Lancashire 
cockle hsl'uaies as about 0085 tons for the yc'ar. This is probably 
well above tht‘ average and the product varies gn^atlyfrom year to 
year. Tin* t.otal (‘xtent of cockle-bearing sands I placed at about 
105 sijuare nautical miles, or 35,000 hc^ctaros. All this extent of 
sand does not always produci* cockles. There is, in fact, a kind 
of rotation in the fishery: at oiu* time C(a*tain an^as arc densely 
])opulat(‘d with the molluscs and the fishery is then very intense 
on these ri'strieted ptu’tions of the whoh‘ au^a.. Hoon, however, 
tlu‘se beds Iktoiuc t‘xhaust(‘d of th(‘, largcu’, legal-siz(^ cockh^s and 
th(‘ fisluay (a‘as(‘s ibr a ycair or more until a fresh crop of 
marketa.bk‘ shellfish grow up to maturity. The fishenntm, in the 
nuaintinus sec‘k new gnamds. So in th(‘ course of time the whole 
' area is i‘xploit(*d, tluaigh only a fraction of it is W(a'ked at any one 
tina*. >J(*V(‘rtheleHH the wdioki exkait of coc'kk^-bearing sands 
must Ih‘ considiunHl But in considering o\ir estimate it has to be 
nanembcaxHl tbat only coekh^s of a ctu’taiu size are allowed to 
be taken, and tbat if t.lu‘ legal size limit w<'re greatly reduced 
the yield would rista Th(‘- yic4l was in 1883 

I8J) kiIogramnu‘s per h(*ctare \)vr annum; 
or H)d lbs. pea* acre pta* annum. 

Th(' vaku* is about IfKs*. ]Ha' acre*. 

Now all tlu‘se estimates of productivity an" thos(‘ of uncultivated 
Hva a,rt*as. If wt* (*<>nsid(a* a cultivated fish<ay th(i yield will be 

J LdfH'dHhin* and Soi Fhhi'Hr^^ SuperhiteinFnf's Report^ 31 December 

HKMl 

’■* (taiway umnnelH cojujuand the b(;tter price, 
hi Ann. Jlept* Ijutca^hire Sm Fiaheriei^ Lahij.^ for 1800. 
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much greater. There are, however, few cultivated fisheries which 
can supply us with this information. Here and there in Great 
Britain oysters are imported from America and elsewhere and laid 
down to be fattened, and in France and Holland the ‘^succulent 
bivalves” are actually bred and reared. But I do not know of any 
published figures for the yield of these oyst(U' layings or farms. 
We have, however, figures for the yield of tlu‘ Gcu'mau carp-ponds. 

German carp fisheries. In Germany the cultivation of tln^ 
carp is carried on extensively. In many places largi^ 
stocked with the fish and the fishery is worked as a eomnuaxaal 
afiair, while in most small villages smaller fish ponds an^ t.o be 
found. The ponds are regularly stoc.kt‘d with young fish and the 
latter are fattened. Sewage is dclilxa-ately led int.o tlu‘st‘ jxmds, 
and the resulting addition of nitrogiuious inorganic food stuff st‘ts 
up an abundant microscopic fauna and fiora, which is the ultimate 
food of the fishes. Whether a carp-pond is sitaiabsl badly or wtdl, 
the addition of sewage always makes it b(‘tt(‘r. '‘rinun^ is epni-i^ 
a literature relating to the practical cultunM>f carp, and the di^tails 
of carp metabolism have been studied in mu(‘h tlu* same kind 
of way as in the breeding and raising of liv(‘ stock (ui the farm. 
Many estimations of the yield of th<‘so carp-jHauls havt* lunm ma<b\ 
I quote a few. Hensen^ estimates the yi(dd of cmlain pomls 
as 76*5 kilogrammes of carp fiesh per Iiectare; Brandtr t\stimaU*H 
the least yield of some ponds at Htettin as bo’o, tlu‘ avt^rage 
as 106*5, and the maximum yield as 1(J4 kilogramnu\s pm* hectare. 
Von Stemaif^ gives tlu^ yitd<l of sonu^ (‘urp-ptaids in Hchh^swig- 
Holstein as 112*2 kilogrammes per lunffare and year. Thus Wi^ 
have a productivity for a fresh-water (uiltivated an^a of lm’5 to 
kilogrammes per hectare, or 58 to 141 lbs. pta* acre; and a valiU'^ 
varying from £6. l],v. to £16. Jk pea* hectan* and year. 

Productivity of a cultivated mussel fishery. Hinoo i he yield 
of an inshore fishing an‘a is greater than that (jf an <qHm non 
one we should also expect to find that a (mltivatiul sludl fishery 

’ “Resultate stat. Boobaclit. Fisch. dt'utBchen Kiintcu,’’ 3 lumim. UnUi'meh, 
deutschm Meeres, Kiel, 1B7H. 

“ u. d. Stettiner Half,” ICw. Meermtnt. Kitd Komm. Bd. l Heft 2, IHIHk 

AlUjemeine FUcherei-Zeiiutig^ Berlin, lH9/>. 

* One pound of carp ia worth about 1«. in Germany. 
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would yield results still greater. I can only quote the results 
of one such fishery, but these are very instructive. At Morecambe 
on the coast of Lancashire there is a large area of foreshore on 
which ''over-production” takes place; that is to say, enormous 
numbers of mussels are spawned, so that there is not room for 
all the molluscs to grow and great numbers remain permanently 
stunted and dwarfed, reproducing nevertheless so that the over¬ 
crowding of the mussel-beds persists. Formerly great masses 
of these small mussels were carted away by farmers and applied to 
the land as manure. Then the Fishery Committee (in some 
ignorance, apparently, of the problem with which they had to 
deal) stepped in and prevented the "removal from the fishery” 
of mussels which were under a certain size, which they fixed 
by regulation. So the depletion of the beds ceased and as a 
consequence they came to contain enormous numbers of mussels 
which, being stunted and under the legal size, had absolutely 
no economic value. The Fishery Authority now proceeded to 
apply the logical complement to its restrictive legislation and 
encouraged the fishermen to " transplant ” the undersized shellfish. 
Great numbers of the molluscs were therefore removed from 
the overcrowded beds and re-deposited in a locality—" Ringhole,” 
where the conditions were known to be such as to favour the 
growth of the shellfishh 

Now the great theoretical interest of this experiment was 
overlooked so that there is, unfortunately, not so much data 
regarding it as one would wish for. I attempt an estimate 
here which is probably a fairly approximate one. I may observe 
that the experiment was a very decided success in a commercial 
sense and was warmly welcomed by the fishermen, who derived 
great benefit from its results. In April 1905, some 347 tons 
of dwarfed mussels were taken from the overcrowded beds and put 
down in Ringhole. The fishing of this area was then prohibited 
by mutual agreement among the fishermen until November of the 
same year, when the transplanted shellfish were taken for the 
markets. 

^ See Scott and Baxter, An7i. Rept. Lancashire Sea Fisheries Lahy., Liverpool, 
■for 1905, for an interesting account of these operations. See also Superintendent's 
Reports Lancashire and Western Sea Fisheries Committee, 1906-7, Preston. 
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The stunted mussels measured, when transplanted, t<^ 
1^ inches in length and 4634 bags were rc-deposittul. Each bag 
contained on the average some 7000 mussels. Therefore about 
32 millions of the shellfish were dealt with. 

Now we cannot assume that all these mussels survived in tluur 
new home. Probably not less than half of them did so. Tlu' rt‘st 
were doubtless smothered by sand and mud, or destroytul by 
starfishes, boring molluscs, sponges, worms, &c. W(‘ will assume 

that 16 millions survived and underwent growth. 

The average weight of the dry organic substance (oxeduding' 
that of the shell) of one of the stunted mussels inchi^s in length 
was 0*598 gram. The average weight of dry organi(5 substanc<‘ in 
one of the same mussels of 2-| inches in length after transplantation 
and growth (also excluding the shell) was 1*311 gram. 'Tlnundore 
the average gain in dry organic substances was 0*713 gram per 
musseP. This represents the growth during a piudod of about 
eight months. Probably this period (April—Novtunlau*) r(‘pr(‘S(‘nts 
the principal growing period of the year, but m^vtul.ludess ihava 
was probably some growth also during tlu^ wintcu* months. The 
area of Ringhole is 10 hectares or 25 acn^s. Now calculating’ 
the gain on 16 millions of mussels find that productivity 
of Ringhole m dry organic substance was 

1140 kilogrammes per luajtare; 
or 1) cwts. pt*r acn^. 

I do not doubt that this is a minimum estimate. \Vt^ must 
remember that th(irt‘ is a cm'tain amount of fishing for st^a-fish in 
the same area. This is small but only bt‘cause thi‘ fish which 
might have been caught th(T(‘ (dogfishes chiefly) hud littk‘ (‘ctotiomic 
value. Then a very consid(‘rabI(‘ bulk of inv<‘rU‘brati‘ life, and 
also planktonic lif(‘, not capable of utilisation by t.lu» musHi‘ls, nnist 
also have been produced. Th(‘re is a strong tidal flow in juul 
out of Ringhole, and sinc(^ more of t,lu‘ ultimat(‘ food stutf of 
animals (plankton) was probably producHMl in Ringhol<‘ than in the 
open sea of M.or(‘cambe Pay it is thc^ cast^ that tht‘ inshore area 
was probably deplet(‘d to some extemt by thi‘ tidal circulati<m. 

^ This weight will obviously vary with the coiulitionH of the Hhellftsh, i.e. with 
regard to spawning. 
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Altogeth(*r I do not doubt that the productivity of this area, 
in Uuans of dry organic substance, cannot be nnic.h less than 
1500 kilogranunes p<T hectare. 

The absolute productivity of a sea area. What then is the 
probable (juantity of orga.nic substance^ which can be produced 
in an inshore sea arc^a? All the estiinatt‘s (juoted nder onl 3 M ;0 the 
(piantity of dir<H‘tIy ntilisabh^ produci^ whi(!h may be taken from 
the sea-—a very different thing imleed. W(‘ wish to know what 
total mass of life* is gcmeratcal throughout the year ptu' unit area of 
a sea such as the Baltic or Irish S(‘a. Now the estimation of this 
<|uantity is a problem of such very great practical difficulty that 
one may well despair of its solution. But if we assume that 
it is possible, by means of (juantitative plankton investigations, to 
deduce the cpiantity of life present in a sea area at a definite time, 
then the calculation of the absolute productivity is theoretically 
possible. At the beginning of the year a ccu’tain imiss of life 
is present, and at the (Uid of the yi‘ar much thc‘ same (quantity 
is still presruiitu But in th(‘ meantime all organisms have been 
reproducing and growing. 1110 mass of life, pn^sent at the 
h(‘ginning of tlu^ y(^ar is the capital; the mass generated during 
the year by thi^. reproduction and growth of the caipital is thi^ 
int(‘n*sti. At th(‘ tuid of the' year the ca]>ital n'mains the' same: 
thi' ink'H'St has bt'eti eate'n up, or otherwise destroyed. What 
is thi' rate^ of intere'st i 

In ordc'r to d(‘t('rmiiu* what is the ink'rest reejuire to know 
(1) th(‘ rate of iH'prodtiction of <‘ach spe'cies of organism under 
difft'n'ut conditions (U'mpe'raturi', wi'ather, &c.); (2) the rate 
of gn»wth (if thi'. individuals of ('aeh spi'cii'H (also undt'r different 
conditions); (8) th(', avi'ragi' duration of life' of the individuals 
of each s]H‘C‘ic‘s; (4) the' elnration of reproductive' activity in 
the life-history of (‘ach spee'ie's; a.nd (5) the amount of natural 
destrucf.ion due' hi (‘nemie's. Some' of tht‘se things W(‘ do know: 
for instance', we^ know what nntube‘i>! of e'ggs an' spawne'el by most 
fishe's, and some' inve'rt(*brate‘s; the rate of birth in some.' inve'rte- 
brati's (thtis from the* re'lation be*twe'eui e'ggs, larvae* and adults in 
the plankteai, Henseai aHce*rtaint‘d that the* birth-rate^ of cope'pods 
(all) was about 184 pea* 1000); the duration of life in many marine 
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organisms (thus Hensen determined that a copepod lived, on the 
average, for about a week, and so the rate of birth was about 
134 per 1000 per week). Reasoning in this way, and considering 
the average numbers of copepods present per s(piari‘ inc^tre of 
Baltic water, Hensen came to the conclusion that then' weri^ 
produced, per annum, 8,866,000 copepods in every 10 cubic undoes 
of the Baltic. Since in a stationary population the birth-rati' and 
death-rate are the same, it follows that in every 10 cubic metres 
of the Baltic, 8,866,000 copepods must have bemi destroyed 
annually, that is, eaten by otlu'r animals. 

Now theoretically sound as this method is, it is nevertlu^k'ss 
incredibly difficult to make the calculation of productivity; for W(^ 
do not know precisely the birth-rates, rates of growth, &e. The 
accuracy of Hensen’s calculation—that <S,8()(),{)()() <‘opepods an* 
annually produced per 10 cubic metres of Baltic-—is tht'n'fon^ 
very problematical. But we may check this result, roughly, so as 
to see that it is something mon^ than a mt'n^ gut'ss. Wt' know 
that herrings feed largely (or (‘iitirely) upon (H)pt'.pods; wc' know 
how many herrings are caught in the courst' of a hslung si'ason in 
a roughly determined area of sea; we know (piiU' acetiraU'ly how 
many copepods are Ciuitained in tht' stomachs and int.t\stim\s 
of a sample number of such herrings i‘xamined; and wt' may 
estimate roughly, or assume, how often a lu'rring nst's up its own 
weight of organic substance. Thus we may calculate' roughly how 
many copepods have bt^en eatim by thi' luTrings jaw unit, of time 
and sea. I leave the sceptical reader to mak(‘ ilu'st' calculations 
and recommend him to do so befori' lu' (‘oiuBidt's that HiUisenH 
estimate is all nonsense. 

Thus by the application of such {uinciplcs liensim <h'tt‘rmint'd 
that so much plankton was annually gen(‘rati‘d in tin* Baltic 
per year, under each sejuare metre, as was (‘(|ual to loO grams of 
dry organic substance. He ttdls us that the value of his i\stimation 
lies more in the study of the method than in the remdtk Tlu*re 
can be little doubt that th(i result obtaiiu'd by him is a minimum 
one. I have shewn hy quit(* a difienuit nu'thod, that the 
productivity of Ringhole, at Mori'camlH', in dry mussel ilvnli 

^ See “ Fruchtbarkeit des Wassera ” : in Nord«ee-Expt‘ditiou, IH95; Ifw, 
Meereswit. Kiel Kovnn, Bd. ii. Heft 2, 1H97. 
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was, at the least, 114 grams per square metre per year and the 
approximation of these results is interesting. 

The composition of marine products. I have used the 
terms “ dry organic substance/' mussel flesh,” “ fish Hcsh,” &c. 
Now in any consideration of the productivity of a sea area, it 
is necessary t(j compare the quantities of organic substancc^s with 
each other, and with corresponding land organic products. That 
is, we wish to know what is the composition of such marine 
crops ” as plankton of different kinds, fish, and other maritic 
flesh, &c. .Brandt* in 1898 made a number of such determinations 
of the chemical composition of the plankton and I quote some 
of his mor(i important I'esults here. Catches were made with 
a quantitative plankton net, so that it was possible to estimate the 
numbers of organisms present pin* unit volume of sea water. 
Thes(‘ catches were then subjected to quantitative chemical 
analysis. Some catches consisted predominantly of diatoms, 
others of peridinians, and others a,gain of coptqxxls. Thus it 
wa.s possible to obtain values for the chcnuical composition of 
th(‘ principal planktonic constit\ients. Mixcxl plankton catches, 
charact(‘ristic of different s<‘us(yns, w(‘re also analysed, so that 
th<*. composition of th(^ “meadows of the sea” could be compared 
with that of la,nd e.ro})s. All Brandt's results were obtained from 
tln^ (‘xaminatiou of the plankton of Ki(d Bay. 

Tlu? following table gives the ptmeentage composition of the 
dry std>st,anc(‘ of plankton and of various planktonic organisms:— 



; l^rotdd 

Chitin 

Eat j 

Carbohydrate 

Anh 

Autu!im Plankton 

1 

i 20’2 to 21 *8 


2*1 to 3-2 

i 

(JO to (J8-0 

1 

Ptn’idinians. 



P3 

2*8 

80-5 

5*2 

DiatoniH . 

10 


22 

()5*2 

(lopcpodH.. 

m 

4*7 

7'0 

20 

1 U-3 


For cinuparison with these figun\s J (pioit^ the comjyosition 
of various land crops'*^. 

* Braudt, “ cheiniHch. ZuHaunncuHCtsdung BlanktonH,” B'w. Meercmtit. 

Kit’!, Komtiu Btl. m. Abth. Kid, IHIIH. 

” Jlbi(L 
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Percentage composition of the dry substance of land crops. 



Proteid 

Fat 

1 

Carbohydrate 

Ash 

Ordinary Meadow Hay.. 

8*7 

1*7 

83*6 

5*8 

Good „ „ 

13*6 

3-2 

75 

8*2 

Rye (Grain) . 

12*8 

2*3 

82-3 

2*1 

Peas . 

26*4 

2*2 

68*2 

3*1 

Potatoes . 

8*4 

0*8 

87-2 

3*6 


Brandt also gives the composition of the bodies of various 
fishes and other marine animals; the exoskeletons (shells and 
carapaces) of the molluscs and crustaceans are not included. 

Percentage composition of the dry substance of some marine animals. 



Proteid 

Fat 

Carbohydrate 

Ash 

Herring.... 

56*42 

35*85 

_ 

7*02 

Salmon. 

60*49 

35*62 


3*89 

Flounder . 

87-(jl 

4*38 


8*0 

God . 

91-08 

1*86 


7*6 

Lobster. 

79-80 

10*13 

0*16 

9*41 

Grab . 

78-87 

7*69 

3*75 

9*6 

Oyster . 

4(>-8 

9*5 

28*1 i 

16 

Mussel . 

54-86 

7*07 

26*0 j 

12 


For comparison with this table I quote the following analyses^ 

Percentage compositio'n (f the. dry substance (f the whole bodies tf 
farm animals {contents of inte.sthiesj etc. excluded). 


Nitrof^euouH 

subHtancoH- 


Fat j AbU 


Half-fat ox 

Fat ox . 

Store sheep 
Fat sheep .. 
Store pig .. 
Fat pig. 


44 i) 
41’() 
4()'5 
24 
34*5 
20 


43*8 

1 11*2 

47*4 

9*6 

5M I 

8*4 

70*5 

5*5 

58*6 

6*7 


3 


1 From resultB of the ItothaniBted experimentn. 

“ Include proteids, gelatinous substances and horny substances. 
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Tlicse analyses show that the plankton is to be compared with 
the cereal and other crops: it represents the vegetation of the sea. 
Marine animals such as fishes and shellfish are obviously to be 
compared with the animals bred for human food. The dry 
.substance of the bodies of fishes contain more nitrogenous 
substance and less fat than one finds in the bodies of farm 
animals. Salmon and herring, as everyone knows, contain a 
greatiU' percentage of fat than does the flesh of most other edible 
fishes, such as the cod and flounder. Crustacea, like the crab and 
lobster, contain a large percentage of proteid and little fat, but a 
small proportion of carbohydrate. On the other hand molluscs, like 
the oyster and mussed, contain much about the same proportions 
of proteid as does the flesh of lean farm animals, comparatively 
little fat, and a considerable percentage of carbohydrate. 

The plankton is difficult to compare, as regards its chemical 
comp(.)8ition, with land produce. It usually consists predominantly 
of organisms like the diatoms and peridinians, and of copepods, or 
hu-vae which res(nnl>le tlies(^ in their composition. It contains the 
''prr)ximate principles,” proteid, fat and carbohydrate, but the 
nda-tive iwoportions of th(‘Se vary with the kind of organisms which 
make u]) the mass of tin* plankton. A planktonic catch usually 
Conklins a considerable perctmtage of ash, which comes from the 
sk(‘letons of th(‘ organisms—the silic<‘ous shells of diatoms and 
otilu‘r limy or flinty skeletons; and in catches which consist 
chiefly of diatoms, this sili(‘,eous ash is always considerable, A 
phinkton catch consisting chiefly of copepods does not correspond 
in ifs (‘hemical composition to that of any other animal. These 
lit.th' c.rusta(*.ea contain a relatively large percentage of proteid, 
and a mod(‘rat(‘ amount of fat and carbohydrate. They resemble 
mon‘ thi‘ composition of the oyster than that of any other common 
aniinal. If they could obtained in (juantity they might afford 
a highly d(‘sirabl(‘ and nutritious food substanceA 

The diatoms, however, form but an indifferent “crop.” The 
proportion of probud is small, atid that of ash very high. This is 

^ Tluij have iiuletHl fonutnl part of the nuinii of a yachting party. See Herdman 
ill Naturef July *22i, 1891, p. 272 ; aho Tnim. Liverpool liiologicai Society^ Vol. vi. 
p. 78, 1892, for an account of such a culinary experiment, and for some intereHting 
^uggcHtiouH a« to the uhch of copepoda an human food. 
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because the siliceous skeleton forms a relatively large part of 
the mass of the organism. Peridinians, such as Ceratiimi or 
Peridinium, are much more favourable, and a catch consisting 
chiefly of these protozoa is not unlike, in its chemical composition^ 
that of a rye crop; and Brandt places them in an intermediate 
position between rye and good meadow hay. 

It is interesting to compare these three predominant planktonic 
organisms with regard to the mass of dry organic substance 
afibrded by corresponding numbers of individuals. Thus: 

1 gram dry copepod substance corresponds to 675 millions of 
the diatom Chaetoceros] and to 42 to 65 millions of peridinians; 
and to 300,000 to 500,000 copepods ; 

or, putting it in another way:— 

1 copepod contains as much dry substance as 135 peridinians,. 
or 1687 diatoms; and one pcridinian contains as much dry 
matter as 12 diatoms. 

The relative productivity of the sea and land. We s(‘o 
then that the land and sea aiford organic products which may 
be compared with others in respect of their chemical composition 
and suitability as human food. Fish flesh may be compared 
directly with such land produce as becT, mutton and pork. The 
marine shellfish products, such as molluscan and crustactsan flesh, 
differ notably from the flesh of farm animals but obviously belong 
to the same category of produce. The plankton is comparable with 
the land crops, so that a mixed catch of tlu‘ fornuu' dexis not diffiu* 
greatly in composition from that of a crop of mead(uv hay, or fnan 
ordinary pasture. In every way, th(‘ plankton is to be compared 
with pasture; not only in composition but in function, since the 
former is indirectly or directly titilised as food by marine animaLs 
which in their turn afford a fl(‘sh product to th(‘fisherman; while 
pasture is, of course, utilised in just tht‘ sanu' way by the aninads 
raised by the farmers. Lan<l and s(‘a thtm yitdd corrc‘,sponding 
products. Is it possibkj to compare* tln^ n*lative productiviti(*H 
of the two regions ? 

There are unfortiuiatt*ly but slendc*r data available for such 
a comparison. Agriculture is a much more highly dtweloped 
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science than agriculture; nevertheless there is some difficulty 
in estimating the absolute quantity of organic matter, in the form 
of crops, or flesh produced from cultivated land per unit area. One 
turns naturally to the Annual Keturns published by the Board 
of Agriculture and Fisheries for this information, but only to be 
disappointed. We learn, for instance, that the average crop of 
the period 1896—1906, in (jtreat Britain was 31’22 bushels of 
wheat per acre, 38*92 bushels of oats, 28*59 bushels of beans, 
5*78 tons of potatoes and so ou‘ ; but beyond these unilluminating 
figures the official returns disclose little of geiun*al interest. The 
quantities of the various crops thus accounted for do not represent 
the productivity of the land, for the straw of grain crops must 
also be considered as well as the crop residues ’’ of roots, etc., and 
the weeds also produced per unit area. Considering both grain 
and straw we find (from other sources of information) that tlui 
average yield in dry substance of British crops may be put as 
4,183 lbs. of wheat per acre, 3,827 lbs. of barh^y, 3,987 lbs. of oats, 
2,822 lbs. of mikadow hay, 3,461 lbs. of beans, and so on^. But 
information as to the absolute (juantities of proteid, fat, carbo¬ 
hydrate and ash, yic^ldcnl by cultivated land imdcu* different 
conditions is apparently diffumlt to obtaiii. There is, however, 
a Ge.nmin estimate by Ihebahn aTid Eodewald, which puts the', 
productivity of cultivati'd land a,s (‘qual to 1,790 kilogrammes 
of dry organic substance', pe'r hectare. 

The available data for our comparisons are 

(1) In terniH of flesh,: 

thiltivated lanel, 

83*5 kgs. e)f l)e',ef pen* hectares (Bie'bahn) ; 

Cultivateul fresh-water carp-ponds ((h'.rmauy), 

65*5 to l.()4 kgs. carp pen' he^ctare; 

Cultivates I mussed beds (Morccambe), 

8,000 kgs. mussel flesh per he^ctare; 

Uncultivated cockle' beds (Lancashire), 

66 kgs. cockle fie^sh per hectare*’; 


J. F. 


1 “ Agricultural rcturnH,” Bd. of Agric. and FiRheriofi. 
^ Warrington, Chemhtnj of the Farm, Tjondon, 1891. 

^ “FicHh” itj about 85 of the total weight. 


13 
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Uncultivated mussel beds (Conway) b 
4,033 kgs, mussel flesh per hectare; 

Uncultivated inshore general sea fisheries (Morecambe Bay), 
89 kgs. fish and shellfish per hectare; 

Uncultivated North Sea fishing grounds, 

17*6 kgs. fish per hectare. 

(2) In terms of dry organic substance: 

Cultivated land (Biebahn and Rodewald), 

1,790 kgs. per hectare; 

Cultivated mussel beds (Morecambe), 

1,140 kgs. per hectare; 

Uncultivated sea (Baltic), yield in plankton (Hensen), 

1,500 kgs. per hectare. 

From these figures it appears that the produce of a large 
uncultivated water area is less than that of a cultivated land area, 
whether we take the yield in fish or shellfish flesh, or the yield in 
dry substance as the basis of comparison. But a cultivated water 
area, such as a fresh-water carp-pond, or a part of the sea nom' the 
shore treated so as to produce shellfish under the most favourable 
conditions, is capable of affording a rich “ crop ”; and if aquiculture 
were as intelligently studied and practised as agriculture there 
can be little doubt that the sea would be more productive than the 
land. Thus Hensen estimated that the mass of plankton (ultimate 
organic substance) produced in the uncultivated Baltic was not far 
short of that produced upon cultivated land. 

Let us attempt to compare the nature and density of lifii on 
a land surface in the temperate zone, with a sea surface of corre¬ 
sponding extent. If we were to explore a large tract of cultivated 
and forest land, in which crop-lands, meadows, woodland, streams, 
and moorland • occurred, we should find that everywhere vegetable 
life would be predominant, and that animal life would be com¬ 
paratively sparsely distributed. Overhead in our meadow land and 
in the cultivated parts would be a few birds and insects, while in the 
soil and on the vegetation there would occur insects, worms, and 
here and there rodents like mice and rabbits. In the woodland 


Taking the weight of flesh in a mussel as 37 ^Vo wciglit. 
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animal life would be more abundant; insects would be present 
everywhere, and birds would be more numerous than in the open 
country, yet birds would not be resident in every tree. Small 
mammals, though more numerous than in the meadow land, would 
not be very evident. Perhaps animal life would be most abundant 
in the streams and lakes, but even here fishes, water insects and the 
aquatic mammals would not be very abundant. But everywhere 
vegetation would be comparatively luxuriant. 

Sui)i)ose now that the waters of the North Sea were suddenly to 
disappear, and that the whole mass of life contained in them were 
suddenly to be precipitated to the sea bottom. What kind of 
picture would then be presented? We should see a vast, almost 
level plain literally carpeted with animal life. Everywhere tluire 
would be a glittering mass of fish scales, for we should see not only 
the fishes which live normally at tlie sea bottom but also those which 
lived pelagically, like the heuTing and mackerel. , Plordes of 
invertebrates, crabs, starfishes, molluscs, &c., would be mingled 
with the fishes. The mud and sand would also yield thtur quota of 
living things, and theses would be much mon.^ numerous than the 
few worms and insects contained in tlui land soil. Every S(iuare 
inch of the bottom would b(‘. hca])ed up wifh animal life, and the 
whole would be partially smotluu'cd by the plankton ])nxupitated 
from the water. V(‘getation, as it appears on tlui land, would be 
viiiy scarci^ for the sisi-weeds would be confiiuKl to the coastal 
margin; and wo should hardly recognise the ])lauktoii as of 
veg(;table nature. The irnisistibltj impression would be that 
the sea was vt^ry much richer in lift', than th(‘ lamP. 

Such an impn^ssion would ho. an accnrati^ one. For production 
of organic substance n])on tht'. land is rt'.stricti'd to the surface of tht^ 
soil, and to a v(uy thin layer of tb(^ latter; whik' in a shallow S('a, 
likc^ ihi) North Sea, production by plants is canhsl oii throughout a 
stratum of water, tlu'. av(U’agc thi(‘Jvn(iss of which is not kvss than 
200 fec^t., Idiough sea-w(H'(ls only t'xist along the shon', <uul at the 
sea bottom nc'ar the latter, yet tlu^ veg(^tal)ki ])lankton exists 
practically (wenywhe.ro, and at ev(Ty h'.vel of th<^ wakT filling up tine 
North Sea l)asin. Tlum W(i find vast tracts of diy land which are 

^ Thiw conipanfion is luado by Henst'n in “Das Bild der NordHeo” in “Nordseu 
Expedition, 1895.” 
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either utterly sterile, or are productive to a very slight degree. 
Such are desert-lands; the higher rocky parts of mountainous 
country; the enormous tracts of land covered transitorily or 
permanently by snow and ice; and the relatively un})roductive 
moorlands. And even of the productive land surface only a very 
small part is under cultivation. But everywhere in thci sea, even 
under the ice and in hot and cold areas, wo find abundant life. 
No part is sterile, and the variations in productivity an*, when 
compared with those on the land, of little account. If we tak(* 
equal average areas of land and sea, we will find that the. yicdd 
of the latter is greater than that of the former. Eviai the com¬ 
paratively poor yield in fish per acre of the North Sea is probably 
greater than the yield per acre of all the land in (h*eat Ib-itain 
and Ireland. 

The impoverishment of the sea. We. may rega.rd i.ha,t part 
of the sea wdiich is exploited by the fishing fleets of North Europe* as 
an uncultivated water area which bears annually a certain crop 
of fish flesh. There are only very few spots along t.lu* shore 
where the culture of shellfish is attempted and tlu^ prodiud*. of 
these cultivated sea-water areas is so small (ndatively to t!u* 
total yield) that it may be neglected. At least 952,()()() tons of 
fish are taken annually from the North Sea, and about a million 
and a half tons fronx the whole norf;h-west(*rn fishing area. 
This is the annual crop which the*, fishermcm of North Europe 
take from the sea. It is a harvest of the S(‘a'’ whi<‘h does 
not correspond to any sowing. 

Now the necessity for all fivshery It'gislaiion is bastul on two 
considerations: (1) that among ii numbm* of fishing v(‘ss(»ls and 
men working on a rc^stricted fishing ar(‘a, there nuist generally 
be the possibilities of discuxler, that is,fish(‘rmen b(*longing p(‘rhaps 
to various nationalities, and perhaps practising differtuit metbods 
of fishing, must at times interfere with each other, jHxxlucitig 
disputes which may be productive of trouble, and not easy of 
adjustment; and (2) that since the <|uantity of useful fish products 
that may be taken from the sea is limitcal, the time must come 
when the produce of the fisheries will suffer impoverishment 
merely because more fish arc being captured than can be. replaced 
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by the natural poweivs of reproduction and growth of the species 
sought for by the fishermen. So two categories of fishery legis¬ 
lation have gradually come into existence, one groixp of regulations 
designed to prevent the possibility of dispute between different 
classes of fishermen, and the other group intended to prevent the 
serious depletion of the fishing gi*ounds. With the former we 
have nothing to do here, and we are only concerned with the 
assumption on which the second is based. 

There have always been two opinions with regard to the 
})ossibility of depleting a natural fishing ground. On the one hand 
it is argued that the cpiantity of any one kind of fish in the sea 
is so great, the individuals are so prolific, and the amount of 
destruction by the natural enemies of the fish, and by ])hysical 
agencies, is so enormous, that anything that man can do, in the 
way of further destruction by fishing operations, has no appreciable 
effect on the numbers of fish on a fishing groimdh On the other 
hand it is argued that man’s influence is much more powerful, 
and both the fishery statistics, and the practical experience of 
those engaged in the trade, agree in the conchision that many 
kinds of fish arc now less abundant in the sea than was formerly 
the case. 

Now one must remember that fishermen go to sea in order to 
earn money. During the last half of the nineteenth century 
there gradually arose an increased deman<l for fish food, as the 
means of transport developed and as great centres of ])opulati<>n 
were placed in easy communication with the fishing ports. 8o a 
gradually increasing exploitation of the older fishing grounds, such 
as the North and IriKsh 8cas, was devedoped undci’ the stimulus of 
this inen^asing demaml for the produce of these arc^axs. Every 
year sjiw am increaxsc in thc^ number of fishing vessids, aind then 
towards the ’eighties and ’nineties great numbers of powerful 
steaun-tnuvling, <lrifting, amd lining vessels were built axnd 
equipped for woi'k in these waiters. But. it waxs soon found thaxt 
the catches offish maxdc in the North Sea between 1850 axnd 1880 
were no longer possible, and the continued exploitaxtion of the 

^ TIuh was the position taken up about lH(>0-70 by Huxloy, Sponcor Walpole and 
others. More recently it has been adopted by Macintosh. See IteHourccH of the 
Sea^ Cambridge University Tress, 1899. 
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North and Irish Seas ceased to be as profitable as in the middle 
decades of the century. If all that man could do had been 
inoperative in reducing the fish population of the North Sea, then 
this fishing area would have been sufficient. But it was discovered 
that profitable voyages ” could no longer be made there, and so 
year by year, since the beginning of the ’nineties, the steam 
trawlers have forsaken the North and Irish Seas for mort‘. 
lucrative fishing grounds in the Bay of Biscay, off the coasts of 
Ireland, off Iceland, and lately in the White Sea. 

This is the “practical” argument in favour of the dei)!etion of 
the North Sea fishing grounds. A compk^.te and rigid dcanon- 
stration of the decreased abundance of fish on this ground has 
apparently still to be made. If wc had an absoluttdy exhaustive 
system of collection of fishery statistics it would be an easy matter 
to shew what is the condition of the North Sea relative to its 
condition fifty years ago. But so im})erfect art^ our fishery 
statistics that no attempt at such a demonstration of depletion 
has yet been made that has not been unfavourably criticisi'.d. In 
1900 Garstang^ shewed (1) that the total (juantity of certain 
classes of fish landed from this a.rea had not increased very gr(uitly 
during the decade 1889-98; (2) that the catching powia* of tlu^ 
vessels employed in fishing there had greatly incn‘as(‘(l; and (8) 
that, as a consequence, the average catch made by i^acJi visssel had 
gradually decreased. Fulton “ had previously adoptcnl tln^ sanu^ 
line of argument with reference to th(‘ Scottish trawl fish(a'it\s. 
But it has been contended*^ that this method of sheaving tlui 
depreciation of the fishing grounds is a fallacious on(‘, though I 
cannot see in what manner the nuithod fails. 

Many attempts, both in Gn^at Britain and on the Continetit, 
have been made to shew that the fishenmm catcli a, wnj notabh* 
percentage of the fish present on the grounds. Numbers of 
living plaice have been marked by nutans of various kinds of 
labels, and these fishes have betsn libm'ated in the sea. After a 
year has elapsed a certain percentage of thesis marked plaie(‘ are; 
always recaptured by the fishermen, and it is claimed that the 

^ Journ. Mar. Biol AsHociatioriy vol. vi. 1900-3. 

- Ann. llejH. Scottish Fiah^ry Board for 3891, Pt. 8, p. 171. 

Aim. Bept. Inspectors of Fisheries for England and Wales for 1900, p. 5. 
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percentage of the marked plaice recaptured represents roughly 
the percentage of all the plaice (of the same range of size as the 
marked fish) caught on the same fishing grounds. That is, it has 
been argued, that if (as has often happenetl) 25 per cent, of the 
marked fish liberated are rccaught on a certaiii fishing ground, 
25 per cent, of all the })laice which were present on the same area 
must have also been caught. For the marked plaice do not 
usually suffer from the operation of affixing the label, and they 
distribute themselves over a wide area. But again the validity of 
this method has been dcuiied by those whose genius confines 
itself to the task of criticism. It is contended that the marked 
plaice segregate themselves and that the perccnitage caught is 
more or less accidental and depends on the distribution of the 
fishing boats. But the advocates of thc^. method claim that the 
number of the marked fishes recaught is a measure of the intensity 
of fishing; and the results of such experinuuits made in England 
and on the continental side of the North Sea iiidicatci that about 
25 per cent., on thc^ average, of all tht^ marked plaice liberated 
are again caught within i,h(‘. year after th(^ date of liberation. 
Perhaps it would Ix^ straining the n^sults of thc^se (experiments to 
maintain that man annually catcluis one (]uart(,ir of all the 
markc'.table plaice in the sea, but it is not really improbable that 
such may be the case. 

By far the most satisfactory evidences of thci extemt of 
dciprc^ciation of a fish population is to bc^ afibrdiHl by (juantitativc 
plankton invcAstigations such as W(U'(‘. carried out by Henstm in the 
NordstHi Expedition’^ of 1895, W(‘ cannot, by any nutans, 

dinjctly estimate the absolute numlxu’ of (say) plaice iii a sea area 
such as th(i North tian, but wa can (estimate thc^ number of the 
eggs spawnext by these tisluxs re.^sidmt tluu’e, and from annual 
variations in tlu^ number of (^ggs it is possibles to estimates the 
variations in the numlxu* of mature spawnitig plaicix Wes have 
seen that this nu^thod recjuires considerable care and must be 
carried out on a large scak^ but it is (piite a practicable oiu^., and 
is, in addition, theoretically (jnitc^ a sound method. It also affords 
in an indirect way evidencti of tln^ t‘.xtent of dciplcdlon of the 
stock due to fishing operations. Hensen carried out extensive 
quantitative plankton observations in the West Baltic and 
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ascertained that in each square metre of sea in this area during 
the months of January to April, there were produced 370 eggs of 
plaice and cod. 

The fishery statistics of this neighbourhood also shewed that a 
certain number of mature cod and plaice were annually caught. 
Then taking the average annual catch of these fishes (deduced from 
a nine-yearly average) Hensen shewed that about 23,400 million 
cod eggs, and 73,895 million plaice eggs would have been spawned 
by these captured fishes if they had been allowed to remain in the 
sea. When these totals were divided by the total number of 
square metres in the area fished over, it was found that the fishes 
caught would have produced 110 eggs per square metre if they 
had been left in the sea. That is the total productivity of the 
fish left in the sea and those caught on the area was 480 eggs per 
square metre. 

But the yearly average catch was 110 eggs per square metre, 
that is about one fourth of the total number theoretically producible. 
So Hensen concluded (and there does not appear to be any defect 
in the argument apart from the errors of observation involved in 
the method) that the fishermen of the West Baltic captured 
annually about a quarter of the total number of the adult cod 
and plaice present in the area fished over during the annual 
spawning season. 

Thus we cannot come to any other conclusion than that 
fishing operations, as at present carried out, do cause a very 
appreciable diminution of the stock of fish on the scia bottom. 
Probably some species of fishes, like the herring, mackerel, and 
haddock, are not appreciably lessened in number by the fishermen, 
but all that we know shews that this is not the case with other 
species like the plaice and sole. In the exploitation of a fishing 
area it is the larger and older fishes of a species which first suffer 
diminution, and it is the common experience of fishermen that the 
average size of the species which suffer depletion becomes lowered 
as the result of intense fishing. We have to determine then what 
degree of impoverishment such an area as the North Sea will 
suffer ; that is, what is the quantity of fish (like plaice, soles, &c.) 
that can be annually drawn from it to the greatest advantage. 
If we take more than this quantity then the stock will gradually 
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become diminished ; if we take less then the area is not exploited 
to the greatest advantage. But this limit of exploitation is 
probably recognised by the fishermen, for when their operations 
become less profitable they desert the partially impoverished 
grounds for others. 

The productivity of the sea in. different latitudes. In 

comparing the pictures of life presented by land and sea 1 
supposed that we were exploring a part of the land in a temperate 
zone. It is well known that the density of life, particularly plant 
life, on the land is great(jst in the tropics and least in the polar 
regions. The intensity and duration of sunlight is at a maximum 
in eejuatorial lands; the temperature, too, is highest. Whether 
we proceed from the torrid to the frigid zones, or ascend from the 
sea-level into mountainous regions, we find that both the nature 
and density of plant and animal life change regularly with the 
isotherms. Everywhere (except in des(jrt rc;gions) the hotter 
lands have the most luxuriant vegetation and thc^ colder lands the 
least. '' He who,” says Brandt, has to force a way thro\igh the 
dense plant life of a primeval tropical forest, and then sees the 
stunted vegetation of Spitzbeagen just (uuerging from the soil, is 
easily convinced of this contrast.” 

Natuiully one sui)poses that this is also true of the sea. 
In tropical regions we find a greatiu' variety of marine animals. 
The colouring is more vivid and the form is more varied and 
ornamental Tlui massive coral and other lime formations due 
eutirtdy to tlu.': activity of cotdenterates impress onti with a sense 
of th(,^ luxuriance of life, and we are apt to forget the factor of 
time in the building up ()f these monuments of animal life. 
Unconsciously one confuses variety of forms with richness of 
individuals. The usual pictun^. we obtain from records of voyages 
.in tropical seas is that of the wealth of life, and we uro naturally 
surprised to find that this impix^ssion is a falser one and that the 
tropical seas arc not mor<‘, abundant in plant and animal life than 
the temperate and polar waters; and indeed that the reverse is 
really the case. 

There is little doubt that the distribution of life in the sea is 
exactly opposite to that on the land. The greatest fisheries are 
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those of temperate and arctic seas—these are the White Sea, the 
Icelandic waters, the Lofoten cod-hsheries, the Newfoundland 
fisheries, and the rich fishing grounds of the North Sea, and off 
the north and west coasts of Scotland. The cold seas of arctic 
and antarctic regions are the chosen haunts of the largest 
creatures that exist on the earth; and from the ea,rliest recorded 
times man has sought these inhospitable climes for the whales and 
seals. Many fishes, such as the sharks and halibuts inhabiting the 
cold seas, are among the largest of the clasmobranch and tc‘lcost 
orders. Nowhere are sea birds so nunu'rous as in polar waters. 
The benthic fauna and flora are also most luxuriant. Schimper^ 
tells us that the macroscopic vt^getation of th(^ tropics is less 
abundant, and is less rich in species, than that of the t.empei'ate 
seas. The algal flora of the Arctic, tho\igh h‘ss rich in sp<‘cles, 
and covering a smaller area than that of the t.ropic^s, surpasst^s in 
density that of all other seas with the exetiption of tlu‘ Antarctic 
Ocean. Krdycr found an abundances of life such as h(‘ had ntnaa* 
seen surpassed, and seldom cM]ualled, in Belsund, in Spil^zilangmi 
(77*" N. Lat.). The sea bottom was, without exaggeo-ation, coverc^d 
with ascidians and molluscs. Th(‘ seals and sea, birds whic-h he 
dissected had their stomachs full of crustaceans. Amphipods 
were so abundant that in night the carcasi^ of a siail was 
entirely cleaned and reduced to a skeleton. A baskid. containing 
the head of a shark was sunk to 75 fathoms and wlum hauled in 
two hours it contained six (piarts of amphipods, tliough as it canu‘ 
up a cloud of these Crustacea issut^d from it like* a swarm of 
bees and were left behind. K. E. v(m Ikua*, in 18(>4, thought it 
doubtful whether, in the polar seas, life was rad. mon^ abundant 
than in the much greater area of the (Hjuatorial oct‘a!i. One 
obtains a striking picture of the wealth of mariiun lift^ from 
Darwin’s account of the biology of Ti(»rra clel Fin^go-. The 
inhospitable and desolate land contrasted strongly with tht^ sea. 
“If we turn from the land to th<^. S{‘a,” h(^ says, “ we shall find the 
latter as abundantly stocked with living creatun^s as the former 
is poorly so....There is one marine pnxluction, which from its 
importance is worthy of a particular history. It is the kelp or 

^ Pjlanzengeof/raphie mif phtfslohgischer Gnmdlage^ Jena, 1898. 

- Journal of llesearches. 
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Macrocystis pyrifera. This plant grows on every rock from low 
watermark to a great depth, both on the outer coast and within 
the channels. I believe during the voyages of the Adventure and 
Beagle not one rock near the surface was discovered which was not 
buoyed by this floating weed.” It grows up from the depth of 
45 fathoms. '' The number of living things of all Orders, whose 
existence intimately depends on the kelp, is wonderful. A great 
volume might be written describing the inhabitants of one of these 
beds of sea-weed. Almost all the leaves, excepting^ those that float 
on the surface, are so thickly encrusted with corallines as to be of 
a white colour. We find cx(piisitcly delicate structures, some 
inhabited by simple hydra-like polypi, others by more organised 
kinds, and beautiful compound ascidiae. On the leaves also, various 
patclliform shells, Trochi, uncovered molluscs, and some bivalves, 
are attached. Innumerable Crustacea frequent every part of the 
plant. On shaking the great entangled roots, a pile of small fish, 
shells, cuttlefish, crabs of all orders, sea-eggs, starfish, beautiful 
Holothuria, Planaria, and crawling nereidous animals of a multi¬ 
tude f)f forms, all fall out together....! can only compare these 
great acpiatic fon^sts of the southern hemisphere with the terrestrial 
ones in tlu^ intcrtropical regions. Yet if in any country a forest 
were destroyc^d, I do not believe nearly so many species of animals 
would perish as would herc‘, from thc^ destruction of tluj kelp. 
Amidst the leaves of this plant ntimerous species offish livt^, which 
nowhere else could find food or shelter; with their destruction the 
many cormorants and other fishing birds, the otters, seals and 
porpoises, would soon perish also ; and lastly, the Fmgian savage, 
the miserable lord of this miserable land, would redouble his 
cannibal feast, decrease in numluTs, and pcu’haj)s c(‘.as(^ to exist.” 

Just as the algal flora and tlui benthic and nektic life of 
the tcmperat(‘ and polar s(‘as are richcir than those of the tropical 
waters, so too tlui jflankton of the colder waters is more abundant, 
though p(U‘haps 1(‘,sh varied, than that of the warmer. The whale¬ 
bone whales are plankton feedeivs, and one may well wonder at 
the huge masses of pteropods that must exist in Arctic seas to 
afford the necessary amount of food for these enormous creatures. 
Then the richness of the diatom flora of the polar seas is well 
known. At times the water is visibly discoloured by these 
organisms, and we are told that fishing operations in northern 
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seas are sometimes impeded by the rank luxuriance of diatom life. 
In the Antarctic we have a belt of ooze formed predominantly 
by diatom shells extending round the southern hemisphere and 
10| million square miles in extent: of course one must not urge 
this as a necessary proof of the abundance of diatom life in 
the sea since we do not know the rate of formation. But we 
know from quantitative plankton researches how abundant these 
microscopic plants are in Arctic waters. Nowhere did the Kiel 
planktologists make such rich catches as in the Karajaka:Qord 
on the north-west coast of Greenland (70° N. Lat.). In October, 
1892, Vanhoffen made a catch of 225 c.c. of plankton with a 
medium size quantitative net hauled up from 29 metres in depth 
Even during the months February—June, plankton was present 
in the water under the ice. Numerous investigations made by 
Lohmann, Dahl, Schlitt, and Kramer in the tropics shewed that the 
catches made in these warmer seas were generally poorer than 
those taken from temperate and polar waters Just the same 
result was obtained in the course of the Plankton-Expedition. 
The reader should consult Schiitt’s chart of the hauls'^ to see how 
the quantity of the catch varies inversely as the temperature. 
Eelatively enormous catches were made in the cold water of the 
West Greenland and Labrador currents, and in the up-welling 
cool water off the west coast of Africa. But everywhere else (in 
the warm equatorial streams, and in the Florida current) the 
catch was much less; and in the Sargasso Sea, where the tempera¬ 
ture was uniformly high, over twenty catches were uniformly low 
and contained the minimum amount of plankton caught during 
the expedition. Yet who, from purely d priori considerations, 
would not have anticipated that just the opposite results would 
have been obtained ? Again one thinks of the Bay of Naples as 
the place where good zoologists (like good Americans) go when 
they die. Here if anywhere one would expect an abundance of 
life in the sea. But just here we find a richly varied, but (in 
mass) a scanty fauna and flora. Schutt^ found that the plankton 

^ ‘'^.Fauna u. Flora G-ronlands,” in Gronlajids Exped, des Gesell, d. Erdhunde^ 
2. Bd., 1 Theil, Berlin, 1897. 

2 Summarised by Brandt, “ Stoffwechsel im Meere,” 2 Abhandl. Wm.Meercmnt, 
Kiel. Komm., Bd. vi. Abtb. Kiel, 1902. 

3 Analytische Plankton-Studien, Kiel u. Leipzig, 1892. 

4 Ibid. 



CH. IX] 


THE PKODUOTIVITY OF THE SEA, 


205 


catches made here were no more abundant than in the Sargasso* 
Sea. Compare this with the Bay of Kiel in the cold Baltic. 
Though Hensen and Brandt made 70 quantitative hauls during 
the years 1889—1893, they found on only one occasion (February, 
1894) so small a catch as was obtained from the sub-tropical 
Sargasso Seal 

One would naturally expect that the pellucid and wju'm seas 
of the tropics would afford the richest fauna and Hora; and that 
the cold and turbid s(‘.as of the north would be relatively poor in 
life. “ The yellow Baltic/’ says Schutt^ “ even in full daylight, 
only allows us to see the white net at a few metrics beneath the 
surface; the green North Sea transmits light from a nuujh grc^atcT 
depth; and what visitor to the Mediterranean does not know the 
great transparency of that blue sc‘a ? Y(4. inv(‘stigations of colour, 

transparency, and plankton contents give parallel results, and all 
these shew that the })ure blue is the colour of desolation of the 
high seas.” 

Thus the coldiir seas are richer in lift^. than tlu^ wanner oiu^s; 
or at the very least the atnount of lifi‘ in polar seas is not k\ss 
than in the tropics. know that inttmst*. sunlight and high 

temperature are, favourabh^ to pla.nt life and so these results an^ at 
first sight astonishing ones. Th(‘ (huisity of plant life on tlui land 
is apparently a function of th(\s(‘ two factors; why then is not 
this the case also in tlu^ sea? One would expect that there 
would not be s\ich a dlfierence between e(iuatorial and polar seas 
as bc‘tween (Mpiatorial and ])olat* lands. The range of ttanperature 
in th(‘ sea is only 33*8'’(J. (—2*8'' to 31*' (1) but on tht‘ land the 
(extreme diffidence is 131 * 5 " (1 ((> 5 '' to — ()()* 5 '‘ (1). But ev(m with 
this variation in tlui temperatun^ of tln^ st^as om^ would <‘xpect 
a com^sponding diffennet^ in th(‘. (hmsity of lift^. Why is tlie 
opposites th(^ case'i? ‘‘Onti stands,” says Kjellmann,as bidbre an 
insoluble probhun wlum In^ makes a haul with a tow-ru‘t in the 
Arctic, and obtains abundant and strong vegetation, and this at 
a time when the s(^a is covered with icc*!, the tem])erature is 
extremely low, and nocturnal gloom predominates even at noon.” 

' “ I)i(j Fauna der Verlutndl. dentscheii. zooL GeifelL Leipzig, 1B97. 

“Das Piianziuileben dar UaiHebesehreihung XHatikt. ExpecL Kiel u, 

Leipzig, 1892, p. 311. 
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CHAPTER X. 

THE CONDITIONS OF LIFE IN -THE SEA. 

We see then that it is possible to group togethiu- all th(‘ 
organisms of the sea in three great categories—the prcnlatoiy 
nektic animals, the sedentary animals and plants living on the 
sea bottom, and the drifting microscopic life of the phmkton. The 
older methods of marine biological research have shewn how tlu‘ 
nature and abundance of the organisms of thc^ fauna and flora of 
the sea vary with certain physical conditions—with tetnpcu'aturc^ 
depth of water, and nature of the sea bottom ; and have also 
shewn that regular seasonal variations occur in th<^ cotirse of the 
year in any one place. Then oceanogra])hical inv(‘siagationH havii 
made us acquainted with the <listribution of ociwiic drifts and 
currents, and with their varying inttuisity irom s(‘ason to season, 
and from year to year. The nssults of tln^ oldt^r methods of 
research have been to shew that tlnux^ is continual changt^ in tln^ 
composition of life in the sea—that tlie total mass of organisms 
there is in a state of dynamical t‘(piilibrium,” for tluin^ an^ 
numerous factors in operation which set up unc<‘asing (*Jiangt‘. 
The^ temperature changes from season to sc^ason with a certain 
regularity; the intensity of sunlight also vaih^s; th(‘ salinity of 
the sea water undergoes continual small changes; and the dis- 
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tribution and intensity of currents and drifts are not always the 
same. As these conditions change so do the distribution and 
abundance of marine life. Probably the total mass of life in the 
sea remains approximately the same from year to year, but since 
the total mass of food stufts in the sea is limited (though very 
great, of course) it follows that if any change in the life conditions 
is favourable to the increase in numbtu's of any one group of 
organisms it must, of necessity, lead to the decrease in numbers 
of one or more associated groups. 

Th(^ quantitative methods of n^search that w(‘ have been 
discussing afford one of the means of investigating the conditions 
of this state of equilibrium, for we are led to emjnire, in the first 
place, into the problem of the absolute abundance of lih^ in the 
sea. Probably we shall never be able accuratedy to estimate the 
density of th(^ benthos and nekton, but it is tolerably certain that 
the improvenumt of the nu'.thods of cpiaiititative plankton investi¬ 
gation will enable us- to make V(uy close approximations to the 
actual density of th(^ organisms comprised in this category; and, 
by deduction, to that of some groups of the Ixuithos or nekton. 
That we should Ix^come al)l(‘ to do so is (‘ssential to suec(3ss in th(‘ 
attempt U) understand tlu^ conditions of (5(piili])rium. TIuui we 
must be able to invtistigade tin; (conditions of nutrition of marine 
organisms; and to trac(i th(‘. (df(‘ct of changers in physical sur¬ 
roundings on the mitun‘ and inttmsity of th(‘se ])ro(X‘Sst‘s. To 
attain sih‘C(\ss in this latter ol)j(‘(^t \Vi\ must know vtuy (‘xactly 
what an‘ tln^ food substanen^s that arcj utilisi^d by tlu‘ marine 
animals and plants; and how and why tin* natun^. and abundance 
of th(‘S(* (draugi' from plac(‘ to places and from time to tinu*. Evem 
at tlu^ pr(‘S('nt tinu^ a good dt^al oi* work has bixm (‘xptuuli'd on 
the atbuupt to answtu' tlu‘S(^ (pu\stions and 1 will try to summarist^, 
in this (lhapi.m% the information at our disposal. 

(1) The Nutrition of Marine ()R(Janisms. 

In tlu‘ cas(‘ of the terrc'strial organisms W(‘ luv al)l(‘ to makt? 
a broad distinction lH‘twe<‘n tiu' “ prodtuau's ” and the “ consimters.'' 
The producers an* the plants, and tin* consumers art* tlui animals. 
Wc divide tlu^ animals into carnivores and luu'bivonxs, and init> 
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those which make use of both animal and vegetable food. But 
whether or not an animal feeds upon other animals or upon plants 
it is the case that its mode of nutrition is such as to compel it 
to make use of the substances which have been elaborated by- 
other living organisms. The “ proximate food-stuffsupon which 
an animal lives are the proteids, carbohydrates and fats, which 
have been built up within the living cells of other animals or 
plants. Proteids, such as the albumens and allied substances 
which make up the “flesh’' of animals, or the nitrogenous parts 
of the tissues of plants, are among the most complex of compounds 
known to modern chemical science. Each molecule is compos(‘d 
of thousands of atoms which are grouptnl togtd.her to form the 
“building-stones” which by their further combinations form tlu‘ pro- 
teid molecule-complex. These protcid “building-stt>nes” a.n.‘ iluuu- 
selves complex molecules—amido-compounds—which are unit(Ml 
together by acidic or basic affinities, are “ labile ” an<l are, probably 
in a continual state of chemical dissociation whih‘ in the. condition 
of living protoplasm. Carbohydrates, such as starches, sugars or 
gums are much simpler chemical compounds, and dither furtluu* 
from the proteids in containing no nitrogen. Fats an^ again 
relatively simple bodies, and differ from both caibohydratc'S and 
proteids in containing much mon^ carbon than eitluu* of tlu‘ above 
substances—probably the numbers of atoms contaiiuMl in the 
molecules of these fats and carbohydrates may be count<c‘d by tlu^ 
dozen. Now it is essential for tlu^ imtrition of the anima-ls that 
they should obtain their food froni thes<‘ proxima,(.(‘ food-st.uiTs. 

The mode of imtrition of the typica.l t(‘rn‘strial plant is 
fundamentally different from that of tht‘ typic*a.l animal. Whih^ 
the latter demands organised, and thendbrti chemically comphex, 
■food-stuff's, the former may build up its living substanc(% a,nd 
carry on its life processes, by making us(; ()f the simplest compounds 
known to chemistry. Salts of ammonia and nitric acid, carbon 
dioxide, and water are composed of moh,‘c*uh‘s which contain less 
than a dozen atoms, nevertheless th(‘ plant organism can obtain 
its nitrogen, carbon, hydrogiui and oxygen from such simplti 
compounds; and can build them up into its living tissues. A 
typical plant obtains its ammonia and nitric acid salts from the 
ground water by means of its roots, and its carbonic acid and 
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water from the atmosphere by means of its green leaves. From 
these food-stiiffs, and with the aid of the energy intercepted from 
the sunlight, the plant can build up proteid, carbohydrate and 
fat. These simple food-stuffs are therefore those <^f the i)lant 
organism ^ 

The plants are the producers, since they alone can manufacture 
organic out of inorganic matiirials. Borrowing tt^rms from animal 
physiology we may spc'ak of the characteristic process in the life- 
activity of the pla,nt a,s an anaholic, or synthetic one. It intercepts 
th(‘ energy of the solar light by means of the chlorophyll contained 
in its green parts; and by thc^ aid of this energy it can elaborate 
materials which possess litth^- 5 *^Hd which, when oxidised 

or fermented can set free a great amount of taiergy in thc^ form 
of heat or otherwise. The characteristic process in the life-activity 
of an animal is a hitabolic, or analytic one. It ingi‘sts and assimi¬ 
lates the highly complex substances prepared by the plants, and 
either oxidises or ferments tlu^se within its tissues; obtaining, 
in so doing, the energy provid(^d by the synthetic processes of the 
plant. Thus (on the land) there is a fnndamental distinction 
betwc‘en the metabolic, processes of animals and plants; and since 
the latter can alone mannfae.tnri^ living, out of inorganic substance, 
while the former are abk^ to mak(^ use only of the ■i)roducts of 
th(^ vital activity of sonu> ot»her organism, it ibllows that th<^ 
totality of animal on th(‘ land depends on the toi.ality of plant 
life. If th(‘. lat^ter—tlu^. pro<lucers—wer(‘. gradually to disap])(‘ar 
the former—thi^ consumm*s—would also disappear. 

We will see that this sharp distinction betweem animals and 
plants on the land does not hol<l good in tht*. hvh. Nevertheless 
we may, fyr the monuait, ctmsidm' that it does, so that W('. may 
divider marin(‘. organisms into thos(‘ which maki‘ use of organist‘d 
food-stuffs, and thos(‘ which can mak{» iist^ of inorganic, or relatively 
simpl(\ nitrogenous and carbonaccHJUs food s\ibstances. This will 
enable us to distinguish lugiwetai tlu‘. organised food-stuffs of th(‘ 
sea, and the ultimate food-stuffs. 

^ Plant phynioloKistH jnak(‘ a diHtinction between the “food” and tlu' “raw 
matcnala of tbe food ” of a })lant. Annnonia and nitric acid hhUh, carbon dioxide, 
and water are the raw niat<‘rialH. Tlu; proteidH and earbobydratefi elaboratcal in 
the tisi^ueH of the plant itHclf arc the foods. 


J. F. 


14 
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The plankton as food-stuff. By far the greater inunber of 
the nektic animals are carnivores, and we find t.ha,t tliere an' also 
a considerable number of benthic animals which fet'd in a simil;ir 
manner, while among the plankton there is also a proportion of 
flesh-eaters. Even when a nektic or bi'iithit* animnl eats somc^ 
other animal we find that the/cw/ of the food is, in tin* long run, 
an inhabitant of the plankton; while many fishes, molluscs, 
Crustacea, &c., devour the drifting microscopit' life of t.ln^ sea 
directly. We then regard tln^ latt(*r as a ]H*ruia,nent soui*ce of 
food for other marine animals; and it is important for such an 
enquiry as this that we should be in ])osst'ssion of reliable t'stimates 
of the density of the microscopic lifi* of tin* st'a. But the material 
for the construction of such estimates lu'irdl}' as yi't. exists in the 
literature. The reader will renu'inber that tin* catclu's madi* with 
nets of Mlillergaze No. 20 do not repn'st'ut tin* t.otal contents 
of the sea in plankton organisms, for a consid('rabk* propcu'tion 
of the latter are so small as to escapes through tin* meshes of lU'ts 
made of this material, lln'rofore wt* cannot us<' tin* figures 
obtained by means of such a])paratus for the purposi* of making 
estimates of the amount of organis(id food-stuifs in tin* unit volunu* 
of sea water, or at tlu*. Ix'st wt*- can only ('inploy tlu'st* figun's for 
the construction of minimum value's. But, as an illustration of 
what may be regardiid as ma-ximum and ordinary value's, we* may 
take the results of two estimations made' by Brandt and Le>hmann. 
The former is based on a catch maele^ in Kiel Bay, anel the* lat.teu* 
on a series of estimatiems of the* te>tal plankton containe'd in tlu^ 
open Mediterranean, ofl' Hyracusex 

The; haul describexl by Brandt^ is one* e>f t.he riclu'st e'Ve'r made; 
in northern seas and we may ])erhaps re'garel it, as giving us a 
value for the e)rganist3d fe)e)d contents of the* se*a water, which is 
very considerably above the* a.ve'rag(*. In it we're* found: 

SBZeq millions of eliateans (ehie;tly Uhaetoceros) ; 

500,000 peridinians; 

15,000 copepods. 

Its liolume was 13(S5 c.c. and the weight of the; contained organ¬ 
isms, dried at lOO'^ C., was BOO gramme*. Now considening only 

^ “ StoffwechBel im MeercK,” Wins, Kiel Komm. Bd. vi. Abth. Kiel, 

1902, p. 71. I refer to this haul, and its “ reduction ” in Chap. VUI. p. 1(53. 
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the diatoms (which make up the greater part of the catch) we 
find that the numbers given really underestimate the actual 
contents of the sea in the region investigated. The area of the 
mouth of the net was 0*1 sq. metre, and it was lowered down to 
20 metres and then hauled up. After correcting for the loss due 
to the escape of organisms through the pores of the net, and for 
the filtration loss of the latter, Brandt concludes that the catch 
must be trebled in order to give, the actual contents of the column 
of water filtered. Tlie amount of dry diatom substance contained 
in one cubic metre of water was 1*97 grammes, and calculating 
th(‘. amount of proximate food-stuffs contained in this^, we find 
that one litre, of sea water in the Bay of Kiel, on this occasion, 
contained: 

(1) 0*19 milligramme of proteid, 

0*05 " „ fat, 

0*43 „ carbohydrate. 

Lohmamfs figures for the plankton contents of tlui water of 
the open sea, off' 8yracuse may be iitilisiid in order to obtain 
similar valiu‘.s. I have already (pxoted (in Gha))ter VIII. p. .1()6) 
tlu‘. description of these catclu's. The reader will remember that 
Lolnnann made use of various forms of filtering apparatus, and 
that his figures probably rc‘present the actual contents of the 
water of the area examined. He found tliat one cubic metre of 
the- water coutaiiU‘d: 

2,()(S2,740 protophyta, 

325,510 protozoa, 

17,415 metazoa, 
and 7(S5,()()(),000 bacteria. 

Again using .Brandt/s tables to reduce thes(‘ figures, W(^ find 
that th(‘ amouut of dry organic mattcu* contained in such a catch 
was 0*01159 mgr. per litre, and further that the (juantitiiJs of 
proximate food-stutfs contained in one litre of the water w(^xe: 

(2) ()'()()4 milligramme of proteid, 

O-OOOG „ fat, 

()*0()4 „ carbohydrate,, 


' Using Bviutdt’n tables in Cheu. Pbinkt. 
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It will probably be fairly accurate, in the present state of our 
knowledge, to regard the food contents represented by (1) as a 
maximum value, and that represented by (2) as a minimum 
value. 

The ultimate food-stuifs in the sea. Bearing in mind tlu^ 
distinction implied in the terms producers and consunu‘rs, we sin* 
that there is a certain mass of food-stuffs contained in the sini 
in the form of plankton organisms, and that this represents the 
nutrition available for the consumers. Wo have now to considiu' 
what are the contents of the sea in the form of inorganic fijod-salts, 
that is, the foocl-stuffs available for th(‘- prodneua-s. \V(‘ tind that 
the following substances a,re the materials that uro tlu‘ (‘ssiaitia,! 
food-stufts of plants, or of organisms exhibiting a, similar mode of 
nutrition: 

(.1) Nitrogen compounds, such as salts of nitrous and nitrir: 
acids and ammonia, and possibly amim^s. 

(2) Carbonic acid, which may (uxist in th(‘ air in the form 
of carbon dioxide, or in simple^, solution in sea wattu*, or in .solution 
in the form of bicarbonates; and also othcu' carbon compounds. 

These two classes of substances supply th<‘ plant orgatnsms 
with the carbon and nitrogtm n(‘cessary for tlu‘ building up <^f 
their tissues, and for the (l(‘velopment of the erui’gy whi(*h is 
manifested in theur life-processes. 

(3) Phosphoric acid, which is pr^,^sent in tlu' sc*a in the. form 
of soluble calcium phosjjhates. 

(4) KSilica, which also (^xists in the sea in sohition as colloidal 
silicic acid; and possibly also as particl(‘H of eday (aluminium 
silicate) in suspimsion, capable^ of dc^eomposition by the organic 
mattex excreted by plant organisms. 

(5) Calcium carbonate, also pn^sent in s<dutiom 

Thc‘. three latUa* c!asst\s of siibstancc^s ant utilist^d by marine 
organisms. Phosphoric acid is neces.sary for tin* ttlaboraiion (»f 
the nucleo-protcdd, which is such a signiticant (‘onstiituad. of tie* 
cell-pncleuH. It is also recpiired in the fonnation the skcdotcam 
of the organisms which possess limy substancevs. Silica is re(|uin^t| 
for the forttiation of the hard parts of ihost^ pn»tophyta and 
protozoa which have silicttous skeletons; thesi^ are. tint shells, or 
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frustules, of diatoms; the skeletons of radiolaria; and the spicules 
of some sponges. Lime, which is usually present in solution 
as soluble calcium bicarbonate, is required for the formation of 
the bones of fishes; the shells of molluscs, such as the mussel or 
oyster; the exo-skeletons of Crustacea; the hard parts of corals, 
echinoderms, polyzoa, some sponges, and some algae; and the 
skeletons of many protozoa. 

(6) Certain other mineral salts, such as the chlorides, 
sulphates, &c., of sodium, potassium, magnesium, and iron. Only 
small quantities of these are required. 

(7) Oxygen. This is hardly to be regarded as a food-stuff, 
but it is necessary for the respiration of both animals and plants. 

We may now consider the proportions in which these various 
food-stuffs are present in the waters of the sea. 

Nitrogen-compounds. These are present in the sea in 
excessively small proportion, so small that their determination 
has always been a matter of great difficulty. Many series of 
analyses have been made from time to time. The Challenge?^ 
Expedition, which did pioneer work in this, as in so many other 
directions, collected samples of water from various parts of the 
sea, and these were analysed by Murray and Irvine some years 
after the return of the ship. But so rapid has been the progress of 
oceanographical investigation that we speak of the methods of the 
last dozen years or so as modern in comparison with those of 
thirty years ago. Our knowledge of the distribution of nitrogen 
compounds in the sea is due to Natterer^ Eaben^ and Flitter^ 
Natterer investigated the Mediterranean, the Sea of Marmora, and 
the Red Sea, both at the surface, and at various depths from this 
to the bottom. He used the best methods of estimation available 
at the time, and the samples of water collected were examined on 
board the ship immediately after being taken—an important pre- 

^ “ Chemische Untersuch. in ostl. Mittelmeer.,” Ber. Comm. Erforsch. ostl. 
Mittelmeeres. In DenkscJi. Akad. TFws. Wien, Bde. lix. lx. lxi. lxii. lxv. 1892- 
1898. 

2 Wiss. Meeresunt. Kiel Komm, Bd. viii. Abth. Kiel, pp. 83, 277, 1905^ See 
also Brandt, Rappts. et Proc.-Verh., Cons. Perm. Internal. Explor. Mer. vol. iii. 
Appdx. D, p. 7, 1905. 

* ‘ ‘ Studien zur vergleichenden Physiologie des Stoffweehsel,” Ahhandl. konigl. 
Ges. Wissensch. Gottingen, Math.-Phys. Klasse, N. F., Bd. vi. No. 1,1908. 
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caution, since the presence of marine bacteria soon alters the 
composition of the nitrogen compounds present, Natterer found 
that the salts of nitrous and nitric acids were very scarce in the 
samples of water examined by him—so much so that the (]uantitles 
just lay on the limits of (piantitative exprc^ssion, and are ([uotcd 
as ''high,” "relatively high,” "relatively low,’’ “low,” and so on. 
But ammonia salts were more abundant, and wc‘.re present in 
measurable quantities. They were most abundant in the watta* 
samples taken from the bottom layers, or in the water filtered 
from samples of mud collected from the bottom (h‘.posits. They 
were least abundant in the upper well-lighted layers of the sea, 
where plant life was more abundant than at lower depths. If 
we exclude the results of analyses of bottom samples of water 
we find that Natterer made 112 estimations of the amount of 
ammonia salts in the water of the Mediterranean area, with the 
following results: 

87 samples contained 0*0077 to 0*06 milligramme of NH;j per litre 
19 „ „ 6*061 „ 0-1 

5 . . 0*012 „ 0*15 

1 sample „ 0*32 „ „ „ 

Natterer’s results are apparently unexceptionable and we may 
take them as representing the nitrogen salts present in the waters 
of a warm sea area. Raben’s results are therefore of particular 
interest since they refer to the waters of the cokhu* temperate^ 
seas. In 1904 water samples were colle(‘,ted, with all possible 
precautions, by the German International Fishery Investigation 
steamer, Poseidon, in the North Sea and Baltic. The samples 
were collected in glass tubes previoixsly evacuated of air, and 
containing mercuric chloride for thti sterilisation of the contents. 
After filtration, so as to remove organisms, Raben estimated the 
nitrites, nitrates, and ammonia, separatidy, having previously 
examined the methods of determining these substances in minute 
quantity. Nitrous acid was distillecl off from the sample, after 
the addition of acetic acid, and was estimated by means of the 
metaphenylene-diamine sulphuric acid n^iiction. Ammonia was 
distilled off from the sample after addition of magnesium oxide 
and was estimated, with elaborate precautions, by Nossler’s re- 
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agent. Nitric acid was finally reduced with sodium amalgam, 
after precipitation of the mercury salts by magnesium ribbon, and 
was estimated as ammonia. Raben’s results were : 


Amount of ^nitroijen, as ammo'nia, nitrous and nitric acids, 
vti nidli(jrammeSj contained in one litre of sea water. 


Date of collection 
of Rainplcs, 1904 

No. of 
sainplcs 

N. as NH.j 

N. as N.,0., 
and Nobg 

Open Baltic: 




February. 

13 

0*068 

0*199 

May . 

13 

0*065 

0*170 

August. 

13 

0*057 

0*095 

Open North Sea: 




B^ebruary . 

12 

0*063 

0*216 

May . 

15 

0*065 

0*217 

August. 

13 

0*061 

0*079 


It will be seen that these results shew a distinct seasonal 
variation. 

Putters results are of great interest since they shew that 
nitrogen compounds, other than those that may be recognised by 
the methods employed by Nattcrer and Raben, may exist in solu¬ 
tion in sea water. Putter’s analyses relate to samples which were 
taken from the surface of the Bay of Naples at a distance of 
three to four kilometres from the shore and they are hardly 
comparable with those of Natterer, which were collected from the 
open sea at some considerable distance from the land. Nitrogen 
compounds could be recovered from the samples by simple distil¬ 
lation in the presence of an alkali, and these were apparently 
amines and ammonia. In addition to these substances nitrogen 
was also present as organic matter, which could be estimated by 
Kjeldahl’s method, and it was also present as nitrite and nitrate. 
Thus a higher nitrogen content was obtained than is indicated 
by the estimations of Natterer and Raben, but one suspects that 
some of this excess may be due to the contamination of the sea 
by discharge from the land, and the insufficient oxidation of the 
organic nitrogen, through the agency of bacteria. Putter’s results 
are: 
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Amount of nitrogen coinfo'unds^ in niilligra'itDnPS^ co'tUdined 
in one litre of loater from the Bni/ of Naples. 

Nitrogen obtained by the Kjeldahl reaction 0*50 
Nitrogen as nitrite and nitrate . O-IH 

Total o-7-l 

Carbonic acid and other carbon compounds. Thesc^ are 
present in the sea in much larger proportion than an' the' nitrogtm 
compounds. Carbon dioxide is dissolved from tlu' atmospht'rc; 
is liberated during the decomi)osition of organic matter; arisc's 
from the respiration of animals; or maybe {>n‘sent in (‘ombination 
with bases, as, for instance, in calcium bicarbonat(‘. Tlu^ amoimt 
present per unit volume of wat(‘r vai-ies grea.tly g(‘ograplii(‘ally, 
with depth, and with varying salinity of tlu' wat-m*; and tlu* 
whole question of the chemical and physical comlitions undta* 
which CO 2 may be absorbed by, or libc'rated from (M>mbina,tion in, 
sea water is much too complex to ho discussed hereh Piltter, 
however, made a number of analyses of tlu‘- amouni< of carbon 
dioxide, and other carbon compounds, prest'ut in sohition in tlie 
inshore waters of the Bay of Naples; and his rt'sults ]>ossess 
special significance from tlu^ point of vienv of tlu' pn'SiOit toupiiry. 
The methods etnployed wta;e, apparently, (piitt' sound, llu' carbon 
dioxide was liberated from the sample of wat.t'r by boiling in acid 
solution in a stream ofCCh-free air, and was absorlx'd by soda-lime 
and sodium hydrate and weighed. Tlui other (‘arbon compounds 
were estimated by Messing^u* s nulliod—that is, tlu'y \xoro oxi<lis(Hl 
in the water sampk^ itself by potassium dichro!uat(' and sul])huric 
acid, and the CO foruied was oxidis(.Hl to (hi, by ])aHsing over 
glowing copper oxide in a combustion tulx', and was absoihed and 
weighed. Th(^ results thus obtained arc' tabulaU'd on p. 217. 
Thus three classes of carbon compounds are prc'sc'ut. Tlu' nature^ 
of the volatile acids and other acids and carbohydrates is un¬ 
certain, probably they are substanct's akin to tlu^ humus c‘om})ounds 
of the soil, and originate in the muems, &c,, ivxcri'ti'd by the algat'. 
Putter’s results are of interest since tlu'y indicati'. that a consider¬ 
able proportion of carbon compounds may be pn^sent in solution 

^ See, however, Kriimmel, Ihiinihurh tier Oceanogruphie, Bil. i. Stuttgart, 1907, 
pp. 303-317. 




€H. X] 


THE CONDITIONS OF LIFE IN THE SEA 


217 


in the sea, and that these are of such a nature as to serve as the 
food-stuffs, not only for marine bacteria, but also for some of 
the lower invertebrates. I believe that these results are quite 
novel h 

Amou7it of ca^'hon co^npounds, in milligrammes^ contained ioi 
one litre of sea water from the Bay of Naples. 


Carbon compounds 

Amount in 
milligrammes 

Carbon in 
milligrammes 

Carbon dioxide . 

99 

27 

Volatile acids. 

36 

23 

Higher fatty acids and 



carbohydrates. 

70 

42 


Phosphoric acid. This substance is present in the sea in 
the form of soluble phosphates of calcium. Its exact estimation 
is attended by particular difficulties, and the older analyses of 
Schmidt are probably inaccurate. Schmidt- found that there 
were from 2*3 to 5*6 parts per million of calcium phosphate in 
solution in the warmer seas (Suez Canal, Indian Ocean and South 
Chinese Seas), and 8*6 to 16*6 parts per million in solution in the 
colder seas (North Polar, and Norwegian), results not easily to be 
explained. Kaben, however, found that the amount of phosphoric 
acid in the sea was very much less, and that it underwent a slight, 
though distinct seasonal variation'^. His analyses were made on 
samples of sea water collected by the Poseidon during the seasonal 
cruises, and gave the following results: 

Feby. and May, 1904, 0*14 to 0*25 mgrs. per litre of P 2 O 5 
August „ 1*46 

Silica. The amount of dissolved silica in the sea is so small 
that its exact determination is attended with peculiar difficulties. 
Here again the older estimations of Murray and Irvine^ are 

1 Vergl. Phys. Stoffivechseh, pp. 8-10; and “ Der Stoffhaushalt des Meeres,” 
Zeitschr. Allgem. Phys. Bd. vii. 2 and 3 Heft, 1907, p. 328-9. ^ 

^ “ Hydrologische Untersuchungen,” Ball. Acad. St Petersburg, Bd. xxiv. 1878. 
See also Brandt. 

See Brandt, Raypts. Proc.-Verb. voL in. Appdx. D, 1905. 

^ Proc. Roy. Soc. Edinburgh, vol. xviii. 1892. 
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apparently of doubtful value. Silica in solution in water can 
only be estimated by rendering the substance completely insoluble, 
and when there is such a large quantity of associated soluble salts 
as exists in sea water the estimation is very difficult. Raben^ 
made a series of analyses of silica in water samples collected in 
1902—4 by the Poseidon and appears to have obtained results 
which represent the actual contents of the sea in this substance. 
In each estimation 3 litres of sea water were evaporated to dryness 
in a platinum basin. The mass of salts was then treated with 
hydrochloric acid and again evaporated to dryness, and this process 
was repeated thrice so as to render the silica completely insoluble. 
The salts obtained were then drenched with hydrochloric acid, 
dissolved in water and filtered, and the residing was ignited and 
weighed. It was regarded as SiO^, but when it had a trace of 
colour, indicating the presence of impurity, it was treated with 
hydrofluoric acid so that the silica could be expelled as silicon 
tetrafluoride. The residue, if any, was again weighed and the 
weight deducted from the formei- value. In this way Raben 
obtained values which are quoted in the following tables: 

Amount of SiOo, in milUgntmmes^ in solution in 
one Utre of sea 'loater. 


Date of collection 
of Bamples 


August, 1002 
November „ 
February, 1003 
Miiy 

August „ 

November „ 
February, 1904 
May 

Augiist „ 


No. of 
samplcH 


4 

3 

2 

I 

1 

(> 

(» 

2 
2 


SiO., 


1*037 
1*20 
I *45 
01)5 
0*93 
11)84 
1*015 
01)55 
0*926 


Thus the proportion of soluble silica in the sea is very minute, 
at no time exceeding 1.^ parts per million of water. We find also 
that particles of clay arc also present in suspension in the shallower 


^ Loc. cit. See also Brandt, above. 
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seas, and Murray and Irvine^ have made the interesting sugges¬ 
tion that organisms, such as diatoms, are able to decompose these 
and make use of the colloidal silica set free. Such clay particles 
may adhere to the film of mucus covering the surfixce of a diatom^ 
or other organism, and may be decomposed by the sulphur of the 
organic matter of the excretion of the organism, so affording 
colloidal silica, which may be used by the latter. But we find 
that inorganic particles in suspension in river water are rapidly 
precipitated by the salts of sea water, when they enter the latter, 
and therefore clay particles are very scarce in the open sea, where 
nevertheless there may be abundance of diatoms. 

Calcium exists in solution in the sea in the form of both 
sulphates and carbonates; and, relatively to the proportions of 
silica and phosphates present, may exist in considerable quantities. 

Other salts necessary for the nutrition of marine plants are 
present in the sea in relatively large amount. 

Oxygen is present in the sea in proportions that depend on 
the temperature, salinity and other factors. It is dissolved from 
the atmosphere, or arises during the metabolism of marine plants. 
At a given temperature and salinity sea water can only take up 
a certain quantity of oxygen and this saturation quantity is seldom 
found in the sea. Indeed in many parts of the latter, where it 
is imperfectly “ventilated"’ because of the absence of currents, 
the oxygen may be greatly deficient, and occasionally its place 
may be taken by sulphuretted hydrogen. The proportion present 
therefore varies to a considerable extent, and it would hardly be 
appropriate here to discuss the results of estimations made in 
different seas, and at different depths^. Blitter found that the 
water of the Bay of Naples contained, at temperatures of 13*^ C. 
to 15^ C., an average quantity of about 7*6 milligrammes per litre. 

Thus all the substances which are essential for the nutrition 
of plant life on the land are also present in the sea. We may 
therefore regard the latter as a dilute food solution which is 
utilised by the producers, that is, the larger algae, the unicellular 
algae, the diatoms, and the other protozoa and protophyta 'which 
have a similar mode of nutrition. Now it must have occurred to 


1 Loc. cit. 

- See however Kriimmel, loc. cit. p. 295. 
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the reader that the proportions in which some of these substances 
occur, nitrogen compounds, silica, and phosphoric acid, for instance, 
are very minute, and it may well be asked how such an ex¬ 
ceedingly attenuated solution can be utilised as a source of food ? 
It was inconceivable to Murray and Irvine {he. cit) that diatoms, 
for instance, could extract the silica necessary for the formati(m 
of their shells from solution in sea water, without the expenditure 
of a considerable amount of energy. We may take it, however, 
that the difiSculty in believing that such a highly dilutee solution 
could profitably be utilised is connected with a natural tiuidtuicy 
to regard the metabolic processes in the lower inv(U't(d)rata, or 
protozoa (which processes have not been minutely studi(Ml) as 
more or less similar to those of the warm-blooded animals (which 
have been studied in detail). In order to obtain its nitrogen 
food from a medium with a similar concentration to that which 
is utilised by a diatom a mammal would have to })ass an (‘iiormous 
quantity of liquid through its aliimaitary canal, and one can easily 
see that the labour of such an absorptive procc\ss would bi‘ V(uy 
great. But when we consider that such an organism as a dia,tom, 
or a flagellate protozoan, probably absorbs its food oven* ii.s (Uitire 
surface, and that relatively to its mass this surface is an tniormous 
one, the apparent difficulty disappears. Th(‘ smalhn* an organism 
is, the less food it requires: but then the smaller it is, i.he gnniter 
(relatively) docs the surface, by means of which it absorbs its food 
solution, become. Putting it in matlnunatical language, we may 
say that with diminishing size the surface (kicn^asi^s with tlu' 
square of the radius, while the mass d(xa'(\‘ist\s with tlu‘ cube of 
the radius. Assuming that tlu^ surface of a single bactiU'imu is 
only we find that one kilogramme of dry organic substance 
corresponds to a surface of (>2,500 scpiare nu^tres I (Ihitter^). In 
man, however, one kilo, of dry organic substance corresponds to 
a surface of only 0’1()8 s(j. metre. OiU‘ may conclude, then, that 
food solutions that arc totally imukM|nati' for the satisfactory 
nutrition of a large animal arci sufficicmtly concentrati^d to lx’s 
utilised by an organism of the size of a diatom, just heenmv the 
means of absorption in the latter are so much more powerful than 
in the case of the former. 

^ “ Btoilhaushalt des MeercB,” p. 343. 
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Modes of nutrition among marine organisms. We have 
distinguished between two great classes of food-stiiffs in the sea; 
(1) those which arc contained in the living bodies of aninials and 
plants, and which we hav(‘, called proteids, carbohydrates and fats; 
and (2) miiKU'al salt-s, organic acids, and otlna* relatively simple 
chemical compounds. Corresponding to this grouping of the 
food-stufts W(‘ should expect to find a corn^sp(aiding grouping of 
organisms into consumers (utilising tlu^ organised food-stuffs), 
and ])roduc(U*s (utilising the dissolved inorganic food-stuffs). We 
do inde(‘d find this division, but th(', lini' of demarcation in the 
st^a is not so (di^ar as on tln^ land. 

Molozoic organisms. Tlu^se are they wiiich can utilises as 
food only the protcuds, carbohydrate's, and fats, which have already 
beiai built u]) within tlu' bodices of other organisms. Thi' creatures 
of tlu‘ s(‘a which exhibit a holozoic modt' of nutrition wc^ call 
aninuds. All mariru^ mammals, n^]>tiles and lishi's feed in this 
manma’, a,nd among tlu' invtu'tebra-ta th(‘ gnxihu’ numbc'r an' also 
pr('da.t<>ry animals. As a gmu'ral nih' all animals in the sc'a 
(‘xhibit a pn'fenmci' for sonu' particular food-organism, or group 
of Hiu'li. borpiusi's di'vonr ti.shes. Most fishi's an', carnivorous, 
thus the cod feeds by pndi'renct' on otJu'r fislu's and crustac('a, 
ihough at a pinch tlu'y a,r(‘ not fastidious. Whiting, turbot and 
brill are also fish-(*aters, but tlu^ haddock seems to pndi'r invi'rte- 
brata, such as ('(dnnodi'rms and Crustacea, Some flat-fishes, such 
as the ])laict' and flomuhu*, fis'd prt'dominantly upoii molluscs, such 
as th(^ cockle, mussel, and othiu* lamellibranchs {Tellina, Madra, 
!:>Grohiciilarla, &c.), but othtu’s, lik(^ tlui dab, an', almost onmivorous, 
and t‘at anything from a fish to a zoophytee Tlu' soh' fts'ds on 
worms. Sonu^ of tlu^ nudluscs, like the cutth^hslu's and whelks, 
an' carnivorous. So also are most of thc'. crustact'a, which are 
geni'rally garbagt'i'uters, and feed upon the dead bodi(*s of fislu's 
and otluu' animaJs. This is the cas(i with the crabs, lobsters, and 
amphipods. Kchinodt'rms, such as tin* starfish, include many 
carnivorous sp('cies among their classes; thus the starfish may 
be a most fbrmidabU' tuuuny to tlu^ mussel and otlu'x molhiscs. 
The sca-aiu'mones art' als(>, to some'. exUuit, carnivorous atutuals. 

All these arc t‘xam})les of marine animals which arti distinctly 
predatory in thtur habits, set'king and <ltwouring otlu'r fairly large 
animals. A further catt'gory of (;arnivorous animals in the', sea 
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includes those which feed upon the plankton, and which possess 
special organs of alimentation for the capture of these microscopic 
organisms. The whalebone whales feed upon the pelagic ptero- 
pods, and the baleen strainers in the mouth form a filtering 
arrangement wherewith the animal separates the food organisms 
from the water taken into the mouth. Fishes, such as the herring, 
sprat, mackerel, shads, and many others, feed upon tlu^^ pelagic 
copepoda and schizopods; and these animals possess gill-rakers, 
which are fine comb-like structures placed on the internal ma,rgins 
of the gill-bars, and which form a straining a])paratus which 
separates the micro-crustacea from the water taken into the 
mouth. Many molluscs eat the micro-plankton, which they obtain 
from the sea water by causing the latter to pass thi'ough th(‘ 
interstices of the gills, thereby filtering out the partickvs of food 
which are then taken into the mouth by means of ciliary action. 
It is probable that very many otluu* animals are plankton caters, 
thus the micro-crustacea doubtless feed in this manmu'. The 
molluscs, like the mussels and cockles, which feed on the plankton, 
are herbivores, since they appear to subsist chi(‘Hy on th(‘ diat(uns. 
Some fishes, of which the grey mullet is the b(\st known (‘xamph*, 
eat the finer algae, and the diatoms with which the latter an' 
usually associated. Those fishes “browse” upon the se;i-weods 
growing on stones, &c., in much the same way as a (‘ow exits 
herbage. Other fishes, like the sardine, also ftu'd u))on diatoms, 
but they obtain these in the sauui way as the lu'rring obtains tlu' 
copepods and schizopods on which it subsists. 

Thus there are marine animals which eat tlu' organisms of the' 
plankton. But if we push our exiejuiry into the' food organisms of 
sea animals far enough we find that the' plankton cre'aturi's aix' 
the last links of chains of foexl e)rganisms. Thus the' exxl fexxls on 
plaice, which feed on me>lluscs, which fee'd on diatoms, and otheu* 
protophyta. The plaice is a food organism of the first de'gree', the 
mollusc one of the second degree', and the diatom (UU' of the third 
degree. Generally speaking wc find that the fooel organisms of 
the wth degree of a carnivore)US animal are such as be'long to the' 
protophyta of the plankte)n. And this is why we speak of the 
plankton as constituting tlie ultimate organise'd food-stuff of 
the sea. 

In all these cases the metabolic procusse's concerneel iii nutri- 
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tion are essentially similar to th('>se which are carried on in the 
warm-blooded animal. The raw materials of the food-stuff’s ” 
ai'e (1) the proteids of the food organism. These are digested 
in the alimentary canal, and the Ksoluble pt‘ptones so formed are 
absorbed by the inti^stinal walls, and, in this process, are convertcid 
into the proteid which is characteristic of the animal concerned. 
(2) ''Die carbohydrates, which an*, hydrolysed during digestion so 
as to form diffusible sugars which are tlu'ii absorbed by the intes¬ 
tinal walls. (3) TIu*. fats, which arc dissociated in digestion and 
an^- again synthesised in the proc(\ss of absorption. 1110 undig(*sted, 
or undigc'stible n'.sidm^ of the food is expelled from the alinu*ntary 
canal as the fiu^ces. Th(*. products of digestion, that is, the re¬ 
converted specific proteids, the sugars, and the reconverted fats arc 
carried in thi^ blood stream to the tissm^s, there to bo built up 
into living substance^ (vr to form stores of n^serve* materials; and 
ultimately to undergo combustion by the inspired oxygen, yielding 
in this process thc^ energy of the animal. Some of this expended 
tissue substance is excrc‘te<l in a completely oxidised form as 
carbon dioxide and waba-, and the remainder as the incompletely 
oxidised products, urea, uric acid, guanin or hippuric acid So 
far we an^ on familiar ground, and processt^s, characteristic of tlu^ 
metabolism of tiu* warm-blooded animal, are carried on also in 
the lifi* e.(‘.onomy of the higlier marine animals. 

Holophyti(*. organisms. In complete contrast with these 
processes stand thos(^ whicli nrv- gtnu^rally characteristic of the 
higher ]dants. Here tlu‘ ''raw materials of the food-staffs” an* 
the miiuu'al salts, ammonium sulphate and carbonate, alkaline 
nit.rati*s an<l tiu*. (*arbonic acid of th<* si^a water. l’'ht*, typical 
plant buills up starch from thi* simple compounds carbonic di¬ 
oxide* and vvatt*r, and amido-substances from the miiuu'al salts 
taken up by its roots. From tlu*st‘ substautuis it ]>repariis the 
protidl of its tissu(*H. Iliis (extraordinary power of forming starch 
is calked photo-synthesis, and it depends on the existience, in the 
green parts of tlue plant, of tin* pigment, chlorophyll. This 
substance can intcereept the energy of sunlight and utilise* it in 
the elaboration of starch. 

Carbon dioxide* and water, the two compounds from which the 
starch is built up, are compk*tely oxidised substanciis. But starch 
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is conipoiiiid. whicli contRins csirlDOE Ccip^^lilo of iiirijlior oxidcitioii;), 
and therefore in the synthesis of the latter compound from water 
and carbon dioxide oxygen must be set free. So we find that 
a green plant when living in the light, and assimilating the 
carbon of its medium, gives off elementary oxygen. But it also 
respires in the same manner as an animal, that is, it takes in 
oxygen, which burns up some of its tissue substance, giving off 
carbonic acid. In sunlight the amount of oxygen which is given 
off in the process of carbon assimilation is greater than the amount 
of the same element which is used up in the process of respiration. 
Therefore we say that a green plant gives off‘ a surplus of 
oxygen to the atmosphere, or to the sea water if it is a marine 
species. But in the dark, when the stimulus of the radiant 
energy of sunlight is withdrawn, the’process of photo-synthesis 
ceases and the plant then gives off only carbonic acid, but con¬ 
tinues to take up oxygen just as an animal always docs. 

The green, red, and brown sea-weeds of the shallow water; tht^ 
pelagic algae; the diatoms; and the other protophyta of thtv 
plankton are the holophytic plants of the sea. But the larg<3r 
algae are restricted to a comparatively narrow wcll-lightetl zone 
of sea-bottom near the shore, while the protophyta arc^ pn^sent 
everywhere in the sea where sufficient light penetrates. It is the 
latter microscopic plants therefore which are responsible for the 
greater part of the production in the sea. 

Saprophytic organisms. Many of the lower plants grow 
luxuriantly on soils, or media, containing organic matter, such an 
sugars or organic acids. These saprophytic plants are represented 
chiefly by the moulds, yeasts, and fungi. Their food-stuffs are 
therefore more complex in chemical structure than those of the 
holophytic plants, and their energy is obtained not so much, by 
the oxidation of the tissues of their bodies as by the fermentation 
of the materials on which they live. These food-stuffs contain 
much energy and in the process of fermentation they are de¬ 
composed, and a small part only of the energy thus liberated is 
used up by the saprophyte. A typical case is that of the 
fermentation of a sugar in the process of brewing. Here the 
latter substance is decomposed with the formation of alcohol and 
carbon dioxide, and a part of the energy thus set free is used up 
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by the yeast and reappears as the vital activity of that organism. 
The yeast multiplies and in its metabolism the enzymes, or 
ferments, which are instrumental in tlu^ splitting up of the sugar 
to form alcohol and carbon dioxide, are excreted. ’'Fhe saprophytic 
plants in the sea aix^ moulds, yeasts and fungi, but they are not 
abundant. The marine bacUuia also exhibit a mode of nutrition 
which is ndated to that just discussed, but it will be better that 
we should consid(U' it st'parately. 

Myxotrophic animals. We can only draw a rather in~ 
di^finib^ line of dmnarcation between ]>lants and animals. In the 
case of the higher memb(^rs of each kingdom there is, of course, 
a very sharp distinction, both in structure and life-history, and 
in the gemu'al character of thc^ metabolism of the organism. But 
among the lower animals and plants this distinction <lisappears 
and stiveral groups of organisms have at one tinn^ btam included 
among the j)lants, and at anothcT among the animals. (Jertain 
well-known characters are distinctive of the plant —thi' relatively 
thick cell-wall of celluloses; the presence* of chlorophyll bodices in 
the gn‘en parts; and thei gime*ral absence of motility. On the 
other hand the much less strongly deveIop(*d c(dl-wall; the gtmeral 
presencH* of (‘.hitin instead of cc^llulose ; the absenca* of chlorophyll; 
and tlu^ gtmeral prestmet^ of organs of locomotion, are charactreristic 
of th(^ animal. Jhit we find that invcstnu*nts composed of a sub¬ 
stance r(‘seml)ling celluloS(.‘ may occur among animals, while the 
cell-walls of bacteria appear to bt^ composiid of chitink Chloro¬ 
phyll bodii*s are absent in many plants, and are, a{)parently, present 
in many animals. Diatoms, algal spores, and bacteria an* actively 
motile, while sonu*^ animals, such as tlu*. trophic forms of myxo- 
sporidia, are immotih^ Tlu*re are many specit‘S among tin* Hagcdlate 
protozoa which, if W(* were to consider tin* morphology alone, we 
should call animals; while tlnur modt* of nutritiivn indi(‘4iU‘S that 
they b(dong to tin* v(*getabl(^ kingdom. All this confusion need 
not, howevtu', trouble us. In the sea there are only individuals 
and wlndilns' we call them animals or plants is not of importance 
in our eiKjuiry. Morphological distinctions, it has bt*en saijj, are 
ultimatc^ly physiological ones; and, as wcj are beginning to learn, 
^lepend on the almost infinite diversity of conformation of the 
“^proteid mol(.*cule-comphixes which make up their protoplasm. 

^ Mary Leach, Journ. Biol. CJiem., 1906, (1), p. 46S. 
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A still further complication is encountered in the cases of 
those animals which contain green or yellow cells in their tissues. 
Here we have to deal with associations of two <u’ganisms—tin‘ 
animal and the contained green cells, which belong to one of two 
groups of algae—the Xanthellac and Zoochlorellae. These partmu*- 
ships arise from the ‘‘infection” of the animals by the cells of tlu‘ 
plant, and by the further multiplication of the latter within tlu‘ 
tissues of the animal; and wc speak of such assoeia-tions as 
“symbioses,” or sometimes as cases of parasitism. Tlu^ most, 
familiar example of these associations is the well-known griHui 
Hydra, the tissues of which contain gretui corpuscles, which hav(^ 
long been regarded as “ commensal algae.” Ma.ny ol.Iuu’ (‘ases ar(‘ t.o 
be found among the Protozoa, Sponges, Corals, Mollusca,, Alcyonaria., 
Hydrozoa, Medusae and Turbellaria ; and even among tlu^. much 
higher groups of the Mollusca, Polyzoa and Echinoderms. Sonu'- 
times the association is an obligatory oms that is, luather of t.lu' 
partners can exist without the other, or at least, oiu^ of tluan must 
be associated with the other in order to livc‘. Soim^times, mon^ 
often indeed, the association is a facultative oma that is, the 
animal can exist apart from the alga, and vice versd. 

Now the point of interest for us in conmnd-ion with th(\s{‘ 
associations is that two modes of nutrition may ja-octaal simul¬ 
taneously in the same (compound) organism. IndeiHl tlu^ (pu^stion 
of how the thing feeds itself is often an extriamdy complicak‘d 
one. The most exhaustive investigataon of th<‘ life-history and 
metabolism of such a symbiotic organism is that made by KtH‘bIe 
and Gamble^ in the case of the Turhidhirian worm Oonmluta 
Toscoffensis. This animal bc^gins lifi^ as a colourIt\ss {tr(‘atun‘, and 
within three days after birth btH‘,om(‘s iidectc^d with th(‘ cAh of 
a species of alga which lives sajirophyt-ically in tlu* watc‘r in 
which the worm also lives. This alga- belongs to tlu* group 
Chlamydomonadeac. It multiplic‘s in tlu^ tissiu^s of the worm 
and soon the latter becomes gnnm, tin* colour biung <hu% of 
course, to the contained algal cells. Tlu* plant may exist outside* 
the ■^-issues of the animal, when it poss(*HS(.‘H tlu^ form typical of its 
group, but when the infection has taken place the* cecils muhn-go 

^ “The Green cells of Convohita roHCoftenKia,” Qiatrt. Jount, Micro. Science, 
vol. LI. p. 167, 1907, 
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a certain degree of degeneration, except that the photo-synthetic 
machinery and functions remain intact and unimpaired. 

What this means is that the green algal cells arc al)le to 
intercept the. energy of sunlight, by virtue of the chlorophyll that 
they contain; so that they can build up .starch from the carbon 
dioxide and water of the medium in which they live. They 
obtain their nitrogen from the waste nitrogenous products of the 
metabolism of the body of tlu^ worm. Thus the modti of nutrition 
of the greiui algal cells is holophytic, but tiny also betray a 
tendency howards a sa.prophytic hal)it in that tlu^y can utilise the 
nitrogen of such complex substances as urea, or uric acid. 

On the other hand the worm bc^gins life as a typical animal; 
it captures and ingests f>rganisms like diatoms, and tliis mode of 
nutrition—a holozoic one—continues for about a wc'.ek after birth. 
If it does not become infected then with thc^ alga it dies, probably 
becaus(i it is unable to get rid of the nitrogenous waste products 
of its own metabolism. Tht‘, infection however always becomes 
established in the state of nature, and then tlu^ (‘Xcnd;ory products 
of the Co}iv()l((ta are made ust^ of as food by the algal cells, while 
tlu^. starch idaboraUMl by i.h<‘. latter is conv(.u1>(‘.d into sugar and 
is used as food by t!u‘. worm, llius the association is a mutually 
beneficial om‘. ibr both organisms. 

Wt^ (uu-.ounter similar cases of symbiosis among the corals 
and coelenterates^ It is well km>wn that much difficulty is 
experi(m(;ed in finding foo<l mab'Hals in the dig(\sti\H‘, cavities of 
tropical corals in sufficient (juantity to s(U'V(^ for their proper 
nutrition. Some time ago both Brandt an<l Hickson suggested 
that the food-stutfs of these animals wer(‘ su[)plie<l to them by the 
Zoochlonilae which are often contained in tlnir tissues. In the 
papiu* hy Miss Pratt, to which I refer, satisfictory t!ivi(lcn(;c‘ is 
fiirnisht‘d that this is n^ally the fact. Tlu‘ Alcyonaria of British 
seas do indcHul captun^ and ingest living prey, such as copt^pods; 
paralysing the latku- by means of tlu^ poison thn^ads of their 
nematocysts, l)ut tlu‘se animals do not contain green algal cells. 
In tropical Al(‘yonaria wtt iitul, howcv(u*, that infection by^^Zoo- 
chlorellae takes place, and that thii increase of the infection is 

* MisH Edith Pratt., Dijjfrmtive tyrgann of the Alcyonaria,” Qiutrt, Jinirn. Micro. 
Scumce^ vol. xlix, p. JPiT, 190(». 
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accompanied by the progressive decrease of the digestive surface 
of the autozooids. With this reduction we find that the animals 
have lost the pow^er of capturing and digesting living food. Among 
the true corals (Madreporaria) the same association may be seen; 
that is, green cells, with contained chlorophyll and starch granules, 
are contained in the tissues of the soft parts of the corals, and 
these green cells are most abundant in those parts of the coral 
which are exposed to the light, and are in continual contact with 
the current of water which passes through the cavities of the 
animal. The green cells are included Zoochlorellae, and they 
take up carbonic acid from the sea water in which they live, and 
by virtue of the power of photo-synthesis which they possess, 
elaborate starch, which is used by the coral in the same way as in 
the case of the green Convoluta. 

Saprozoic animals. Such associations between animals and 
plants—sjnnbiosis, or parasitism, whatever name we give them— 
do not really invalidate the distinction between the characteristic 
holophytic mode of nutrition of the plants, and the characteristic 
holozoic mode of nutrition of animals. We can still clearly dis¬ 
tinguish between the two members of the association, and their 
distinct modes of nutrition. But the existence of a saprozoic mode 
of nutrition among animals deprives the method of feeding, con¬ 
sidered as a means of distinguishing between the two kingdoms 
of life, of its value. A saprozoic animal resembles precisely a 
saprophytic plant, for both find their nutritive material in complex 
chemical substances, such as peptones or extractives, or carbo¬ 
hydrates and organic acids. Still further we find that there are 
apparent instances of photo-chemical reactions in the metabolic 
processes of some animals. 

Many of the protozoa fire saprozoic in their mode of feeding. 
If we add some sugar to a little water containing bacteria we' 
will find that very soon there will arise an abundant infusorial 
growth. Very probably the infusoria feed upon the added carbo¬ 
hydrate. All internal parasites are also saprozoic. A tape-worm 
possesses neither mouth nor alimentary canal, and it lives 
throughout its life (except perhaps for a very short period, when it 
may inhabit water or other media) attached by means of suckers 
or hooks to the wall of some internal cavity of an animal body. 
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The whole surface of the skin of an internal parasite is bathed in 
the juices of the host—the blood, if it lives in the lumen of the 
heart, or a blood-vessel; the lymph if it inhabits the peritoneal 
cavity; or the digested food-substance if it lives in the intestine. 
All these liquids are rich food media, and the parasite simply 
absorbs the nutriment which they contain over the entire surface 
of its body. We usually make, or imply, some distinction between 
the method of feeding of a parasite and that of a closely allied 
species; most biologists would assume, for instance, that the mode 
of nutrition of an Ascaris or Bilharzia was different from that of 
the free-swimming stage of a Gordius, and that a parasitic 
Turbellarian like Graffilla differed in a corresponding manner 
from those species which live in the open. 

Comparative physiology has not received anything like the 
same amount of study as comparative anatomy; and so we find 
that our notions of the metabolism of the lower invertebrata has 
been profoundly influenced by our extensive knowledge of the 
physiology of the warm-blooded animals. Morphological studies 
have enabled us to trace homologous structures and organs through 
long series of animal forms; thus the ear-ossicles, and parts of the 
jawbones of the mammal, are homologous with parts of the 
visceral skeleton of the fishes; and the lungs of the warm-blooded 
animal are morphologically the same thing as the swim bladder of 
the fish. But whereas in these specific cases we recognise quite 
clearly that the functions of the homologous structures are different, 
we do not always bear in mind that the functions of morphologically 
similar structures, in the invertebrata, may be entirely different. 
So great is the force of well-known words that we naturally assume 
that the gills of a fish, the gills (ctenidia) of a mollusc, and the 
gills (respiratory plumes) of a tube-living worm have the same 
functions, those of taking up oxygen from, and giving off carbonic 
acid to the sea water. Just in the same manner we assume that 
the digestive cavity (stomach and intestine) of a fish, the digestive 
cavity (coelenteron) of a coral polyp, and the digestive cavity 
(gastric pouches and canals) of a medusa, have similar functions; 
those of digesting and absorbing the materials of the food-animals 
captured. 

So also with regard to our notions of the nature of the 
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metabolism of the lower marine animals. Without sufficient 
reflection Ave assume that the oxidation process characteiistic of 
the mammal also obtains in all animals living in the sea. We 
naturally assume that the proteid, carbohydrate and fats of the 
bodies of animals are ingested, converted into peptones, sugars and 
dissociated fats, are absorbed and built up into tissue, and that 
the constituents of the latter are then oxidised by the oxygen 
taken up by the gills and excreted as carbon dioxide, water, and 
nitrogenous waste products like urea or uric acid. 

Do marine animals always obtain their food supply by ingesting 
the bodies of other animals and plants ? One naturally assumes 
that this is universally the case and so encounters diflficulties, such 
as I have often experienced in attempting to demonstrate the food 
of a cockle to a class of sceptical fishermen. Repeatedly one 
searches among the mud and sand that fill the alimentary canal 
of this mollusc for traces of planktonic organisms, and it is only 
the magnifying power of a ^-th inch objective, when applied to 
one or two Naviculae, that makes the demonstration a partial 
success. It is often with great difficulty that one succeeds in 
finding food in the alimentary canal of some invertebrates. Dohrn 
failed to demonstrate the food of Pycnogonids, and Rauschenplatz, 
in an extensive study of the foods of marine invertebrates of the 
Bay of Kiel failed, in some cases, to find, satisfactory evidence of 
the food organismsh We can hardly ever find visible food within 
the alimentary canal of a mature plaice during the winter months, 
and yet it is just during these months that the reproductive 
organs of the fish are maturing for the spawning act in the 
following spring. Often one may observe that fishes and other 
animals may live for a long time in aquaria without obvious food. 
Do they really cease to feed during this time; and if so why is 
the plentiful supply of oxygen in the water conveyed to them 
quite essential ? 

Putter seeks to answer these questions by suggesting that the 
sea is an immense reservoir of food-stuffs in the form of dissolved 
orgamc carbon and nitrogen compounds. We have already seen 
that there is evidence, that these substances exist in the sea— 
at least in the water of the Bay of Naples. He suggests that 
^ See also Shipley, “Gephyrea,” Cambridge Nat. Hist., vol. 2. 
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many marine animals habitually feed on this dissolved food-stuff, 
behaving, to that extent, as saprozoic creatures. Putter investi¬ 
gated the metabolism of several marine organisms by estimating 
the amounts of oxygen, carbon and nitrogen exchanged between 
the organism and its medium in the unit of time, and per unit 
of weight. In the case of the sponge, Suherites donumcula he 
found that an animal of about 60 grammes weight required 
per hour 0*92 milligramme of carbon h If we assume that the 
sponge obtains its food by eating plankton organisms then we 
can calculate the volume of water necessary for the provision of 
this weight of carbon. Assuming that Lohmann’s estimates of 
the density of plankton in the open Mediterranean are true also 
of the Bay of Naples, Putter found that it would be necessary 
for the sponge to capture, per hour, all the plankton contained in 
242 litres of sea water, that is about 4,000 times its own volume 1 

This was obviously impossible, for a rough estimation of the 
volume of water passing through the osculum of the creature 
shewed that this could not be more than about 300 cubic centi¬ 
metres ; and this volume of water contains only :g}^th part of the 
carbon required by the sponge. But if the reader will refer to 
Piitter s estimate of the amount of carbon compounds contained 
in the sea he will find that only 14*2 c.c. contained as much of 
this element as the creature demanded. So even if we assume 
that all the carbon compounds contained in the water are not 
capable of utilisation as food, and that the absorption coefficient 
is not a very high one, it is still the case that the water circulated 
through the cavities of Suherites may have contained enough 
carbon to supply the hourly requirements of the animal. 

Putter also found that the Holothurian, Gucumaria gruhei, 
when kept in an aquarium in filtered sea water, lost weight. Now 
calculating the loss of carbon due to the loss of body weight he 
found that the average deficit was 0*015 mgr. per hour for a 
confinement of six months. But by estimating the actual amount 
of carbon given off in the metabolism of the animal he found that 
this was 0*2 mgr. per hour. Thus more than j^^ths of the carbon 
exchanged between the animal and its medium could onlj^have 

^ “Die Ernahrung des Wassertiere,” Zeitschr. AUgem. Phys. Bd. vii. 1907, 

p. 292. 
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come from carbon compounds present in solution in the water 

circulating through the aquarium h 

Is a large part of the carbonaceous food of these animals (and 
by implication, a part also of the nitrogenous food) obtained fioin 
compounds in solution in the sea ? I think that the evidences 
outlined above, though indirect, is fairly conclusive in favoui of 
such a statement. If it is, what is the nature of the metabolic 
process to which this dissolved food-stuff is subjected in its 
passage through the tissues of the animal body? I his cannot 
be similar to the oxidation process which is characteristic of tin* 
warm-blooded animal. In the case of the latter the absor2)tion of 
oxygen from the atmosphere is carried out in the lungs, and 
probably more of the gas could be taken into the blood stream 
than would be sufficient for the oxidation of the food products in 
the tissues. But this is probably not the case with the two 
animals studied by Putter. The following figures slunv the results 
of several estimations of the COo and 0 exchanged^: 


Respiratory exchange in Suberites and Ciicumaria. 


Temperature 

C 0.2 given off 

0 taken in 

Benpiratory 

quotient 

1 

Suberites 




13-5° C. 

282 mgrs. 

30 mgr.s. 

(Cf) 

Cucumaria 




11-7° C. 

140 „ 

27 „ 

3*8 

13-7° 0. 

166 „ 


3*68 

17-0“ C. 

211 „ 

60 „ 

2T)5 


These results shew that the amount of oxygen contained in 
the carbon dioxide given off is far more than can be accounted for 
by the oxygen taken in; that is to say the respiratory (juoiients 
are astonishingly high. All the carbon dioxide which is given off 
cannot proceed from the oxidation of carbon, since not enough 
oxygen is taken in to balance the gas contained in thci CO^ which 
is excreted. In the case of the fermentation of sugar by a yiuist, 
both carbon dioxide and alcohol are formed but the former doi‘B 

^ Vergleich. Phys. Stoffw. p. 61. 

2 Ibid. pp. 33 and 52. 
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not originate by a process of combustion but by the splitting up 
of the carbohydrate. Doubtless this is, to some extent at least, 
the case a-lso in the ni(‘tabolic processes whicli we have just been 
discussing, that is the sponge and cucumarian obtain a part of 
tluur eiuugy by making us(‘ of a process of splitting of the carbon 
compounds absorbed. Of course oxidation does also take place, 
but it is subordinated to th(‘ hu-uumtation reactions. 

In tln^ cas(' of thi‘ s])ong(‘ can (‘asily see that there may be 
a consi<hTabl(‘ a,mount of absorption of dissolvtMl food-stuffs in the 
■jirocess of alinumtation. In tlu'se organisms there is hardly any 
difhmentiation of th(‘ tissues into organs of digestion, respiration, 
and so on; and the whoh‘ inttu-nal surfact^ of the body of the 
animal must function as a,n organ of food absorption and respira¬ 
tion. But in the ea,se of a holothurian thei'e is a well-mark(‘d 
alinumtary cana.1 and respiratory organs. So also in the case of 
su(‘.h orga.nisms as mollust's an<l ascidia.ns, and one may ask, what 
an\ tlu'. uses of tlu'si^ organs if tin* animals feed by absorbing 
dissolvt'd nutriment, and if tln^ respiratory function is much less 
important than it. is in t.ln‘ cas(‘ of a warm-blood(‘<l animal ? The 
cteni<lia of a mollusc, and th<‘ gills of an ascidian, an‘, usually 
assunu‘d t-o be respiratory organs, but it is (piit(‘ C(U'tain that a 
V(uy important function of th<\se struc.tures is that of setting up 
tlu‘ (‘urnmt of water whi(di tmters into, and passes through tlu^ 
cavit,i(\s of tlu^ animars body. Now if it is the case that the 
oxidation proc(‘ss is less important in the metabolism of these 
animals than isthc^ fermentation reaction, we encount(‘ra difficulty, 
for why should such an abundant Hup])ly of oxygen (in the water 
cuiTiuH.) hi) iKMH^ssary to an animal whi(di apparently re(juires loss 
of this (‘hummt than thosi^ highm* in th(‘ scale, and which is almost 
entin'Iy sedcmtary in its habits. Simu^ the so-called respiratory 
surfa<^(‘ of tlu^ mollusc or ascidian is a very largt^ om^ we may 
conj(s*,tun‘ that it has sonu^ otlnu* purposi*; and Puttm-'s sugges¬ 
tion that it is a surfaces for the absorption of dissolved food-stuffs 
appears to b(^ a probabh^ om^. At any ratt‘ the actual evidence 
that the gills of tht'se creatures ar(‘. organs which function in the 
absorption of dissolv(‘d food-stuff is just as strong (or as weak) 
as th(^ actual iwidenco that they takc^ up dissolved oxygen from 
solution in the sea water. 
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What then is the function of the alimentary canal in such 
animals as these ? Putter suggests that the surface of the latter 
is one which is instrumental in the absorption of dissolved food 
matter from the sea. That it should also take in and digest solid 
food-particles, such as the organisms of the plankton, may be a 
secondary function acquired after the alimentary canal has been 
evolved for the absorption of liquid food-stuff. Thus the capture 
and assimilation of diatoms by a mussel or a holothiirian may be 
compared with the capture and assimilation of insects by an insecti¬ 
vorous plant; which latter process we may regard as being strictly 
secondary in importance to the process of feeding by means of 
photo-synthesis of starch by the green parts of the plant. In 
many micro-crustacea we find that pumping movements of the 
intestine are regularly carried on, water being taken in, and ex¬ 
pelled joer anum. This is usually called “anal respiration,” it is 
just as likely (and it is far more probable a priori) that the 
process represents the circulation of water through the intestine, 
in order that the surface of the latter may absorb the dissolved 
food-stuffs which are contained in the water. 

(2 ) The Law of the Minimum. 

We are indebted to Justus von Liebig for the statement of tht,^ 
“Law of the Minimum.” A plant requires a certain numlxu* of 
food-stuffs if it is to continue to live and grow, and each of thc\se 
food-substances must be present in a certain proportion. If one 
of them is absent the plant will die; and if it is present in 
minimal proportion the growth will also be minimal. ‘This will 
be the case no matter how abundant the other food-stuffs may be. 
Thus the growth of a plant is dependent on the amount of tiui: 
food-stuff which is presented to it in minimum quantity. Wo 
have seen that marine plants require certain things—carbonic 
acid, nitrogen compounds, silica, phosphoric acid, and ccu'tain 
mineral salts. The carbonic acid and the mineral salts are pr(\s(mit 
in relatively large amount, but the proportions of nitrogen com¬ 
pounds, silica, and phosphoric acid in the water of the sea arc very 
small. ^ The density of the marine plants will therefore fiuctuatc 
according to the proportions of these indispensable food-stuffs. 
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But we hawe also seen that the inarine animals generally feed 
on other animals which are smaller than themselves, and these 
latter upon others which are smaller still, so that the ultimate 
organiscHl food in th(‘ si‘a consists of the organisms of the plankton. 
Further it is only the proto{)hyta of the latter that are able to 
utiilis(‘ tlu‘ inorganic salts of the. sea Avater as food; converting 
th(‘S(‘ into organic; material with the a-ssistance of the solar encu'gy. 
Tli(‘ abundance of lifc‘ in the S(‘a then depends on the abunda,nce 
of tbe plankton; and the; abundance of the latter is dc^pemdemt on 
the' amount of the indispcmsabl(‘ food-salts which are at the dis¬ 
posal of the protophytra. Onc^ or more of these substances must 
bc‘ pn‘sent in minimal proportion, and so must rule the produc¬ 
tion of organiscjcl matcnial in the; sea. What is this substance? 

It is probable tliat the; abundance; of nitrogem compounds in 
thc‘ s(‘a (kd,(;rminc\s the production. Most iiivestigations that have 
benm ma,dc‘ shew that thcu’c; is a relation b(;tw(;(;n the density of 
the plankton and thc^ pro]>ortion of nitrogc;n compounds. NattcrciFs 
t‘st,imal.ions sluav that the; waten* of the; warmer si;as is relativc;ly 
])oor in ammonia, and thc» cjuant.itative plankton investigations of 
Lohmamn KSchiitl., and oilnn’s indicate that thest‘ seas arc‘ also 
poor in plankton. Habem’s a-nalyses shmv that the; watc;r of the 
North Seal and Baltic; contains ratheu' more; nitrogen than the 
waten* of the; Meditc‘rranc‘au arc;a, and wc‘ also find that the 
waten* of thc‘se sc;as is relatively ricli in plankton. ApstcliF made 
nunuu'ous c;stimations of demsity of microscopic life in the; fresh 
watcT lakc;H of Holstclip and Brandt” shcaveal that those lakes 
which ])ossc‘sst‘d thc‘ richc'.st plankton also had the grc'atest amount 
of inorganic nitrogem. Littoral sc^a water into whidi flow rivers 
rich in the; nitrogc;nouH drainage; of the land, has, as a rule;, 
a richer benthic fauna than the sea furtheu' from the shore. 
Nowhere; do mussels grow so luxuriantly as in (\sttiarine waters 
rich in sewage.; matters. .Fresh water ponds in which carp are 
cultivated produce varying ''crops,” but wlullu;r the; (ionditions 
are; gocKl or bad the; deliberate addition of nitre)gcnous drainage 
makes them lH;tte;r. 

It is ratlu;r diliicult to determine which of the three food- 


^ Silsswdifin’r Plankton, Kiel and Leipzig, IHOG. 
- “StotfwecLsel ixn Mee;re8.” 
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stufifs, nitrogen compounds, phosphoric acid, or silica, is present 
in the sea in minimum proportion, and so rules the production. 
It is possible to ascertain the ratios in which the elements, 
nitrogen, phosphorus, and silicon, exist in the tissues of the more 
abundant plankton organisms, and Brandt^ did so by making 
chemical estimations of the composition of catches which consisted 
predominantly of certain organisms, such as copepods, peridimans, 
and diatoms. It should be possible, from a consideration of the 
results of such analyses, to ascertain in what proportions these 
different organisms require the three elements, for the demand 
for each will be proportional to the amount of each element 
present in the tissues of the organism (when due account 
is taken of the different absorption coefficients of the salts 
containing the elements). Now from such analyses Biaudt 
came to the conclusion that it was the nitrogen which was present 
in minimum proportion, but since it was the older estimations of 
the proportions of silica and phosphoric acid in sea water that he 
considered, it is probable that his conclusion must be revised. 
Thus the dry substance of diatoms contains about 1*8 of nitrogen, 
and about 54*5% of SiOg shewing that about thirty times as much 
silica as nitrogen is required by these organisms. Yet the greatest 
amount of the latter substance found in the sea by Kaben was 
only 1*4 mgrms. per litre, while nitrogen was present to the extent 
of about 0*2 mgrm. per litre. Thus silica was only about seven 
times as abundant in the sea as nitrogen, though thirty times as 
much was required. Therefore the silica was present in minimum 
proportion and not the nitrogen. 

So far as the diatoms are concerned it would appear that it is 
the proportion of silica in the sea water that determines the 
production. Raben’s results are so instructive in this connection 
that I have represented them in the diagram on p. 237, along with 
the curve of seasonal variation of diatoms in Kiel Bay. It will 
be noticed that the plankton curve relates to the year 1892, while 
the silica curve is for the period 1902—4. But a consideration 
of the Kiel plankton investigations shews that the form of the 

^ ChemUche Zusamm. Planktons. 

2 In “ Stoffwechsel im Meeres,” 2nd Abhandlung, TTiss. Meeresunt. Kiel Komm. 
Bd. VI. Abth. Kiel, 1902. 
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cnirvo is nwch tiie same for the whole series of years covered, and 
W(! may take it that it is a ge.neral one. All organisms taken 
in th(' quantitative nets are included in the results of these catches, 


1903 _____ 

II li — , 2 3 



Fig* HO. Variation of plankton and Hilicic acid in Kiel Bay 190H—^4. 

hilt th(* (liatotnH form ho ovorwhelming a proportion of the total 
vohimo of plankton during tlu* maximal tuonths that we may 
r(‘gard Ht^anonal variationn as dm* almost entirely to the 
variatiouH in abnndanec of ihtw* organinmn. The thin line then 
re])rt\Ht*ntB ilu^ changt* in t-ln* abundance of the plants from month 
to montli, and i\w, thick liiu^ n^premmts the variation in the 
amount t>f silica in stdntion in the*, sea from t(uarter to quarter, 
iNIoU* that tlu‘r(*. are two maxima in th<*. abundance* of silica as 
wt*ll as in tlu* abundance of diatoms. At the beginning of the 
yi*ar the proportion of silic^a contained in the sea is small, and 
BO also anr the numbi*rH of diatoms. But the silica gradually 
increases in amount until tlu* Ix'ginning of February, and then, 
almost immediatedy afU*rwards, follows the spring maximum in 
the abundance, of diatoms. Tlu*X(‘,upon the proportion of sijica 
rapidly falls, indicating that it has been used up by the plants; 
and with the fall in abundance of this food-Btufif^ there occurs 
a rapid drop in the number of diatoms present per unit volume 
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of water. After the spring months the amount of the silica again 
begins to increase, and attains a secondary maximum in the 
autumn, and immediately after this there is a secondary maximum 
in the amount of the diatoms. 

So also with the peridinians, though the relation Ix^tween bhe 
abundance of these organisms and that of the various food-salts, 
has not been studied in a very satisfactory manner. Still Kabim s 
estimations seem to shew that therc^ ma}' be a relation b(‘tAVi‘en 
the peridinians and tlie phosphoric acid in the s(‘a, and that 
the maximum period of re})roduction of th(?st‘ protozoa, in the 
autumn may be comu'cted with thc^ ma,ximum {xu-iod of abund¬ 
ance of plu^sphoric acid which also occurs in tlu^ autumn. But 
much work remains to bc‘ done Indon^ tin’s can satisfactiorily be 
established. 

Thus theie is a fair amount of evidiuKa^ to sh(‘W that the 
variations in the abunda,nc(‘. of th(‘ organisms of tiu‘ plankton are 
to bo attributed to variations in th(‘ abundanc(‘ of tiu* food-stuffs 
which stand at their disposal; and this is ind(MMl what W(‘ should 
expect. Even in a slowly multiplying human so(‘i<^ty W(‘ can tracts, 
a connection between the fluctuations in the labour market (which 
are indicative^, of changes in th(‘ giunu-al prospeu-ity of tlu' artisan 
class), and minor Huctuations in tlu^ marriages and birth rat.es. 
An increase in the dcunand for labour is followed by an incr(‘asi‘ 
in the number of marria,ges'. But in tln^ s<^a tlu‘ lowtu* organisms 
multiply very rapidly, and so an incnxist' in the amount of h)od 
is soon followcxl by the nuiltiplif‘,ation of thosi‘ cinxitures whicrh 
utilise this food. But the greatm- amount of numths to 1 h^ fillcHl 
soon reduci^s the availabh^ amount of food, and a dn)p in the rate 
of multipli(;ation vt‘ry soon follows. 

It do(is not app<‘ar to mv that tlu‘ existmuH^ of saprozoit* and 
saprophytic modes of nutrition among mariiu' organisms invalidates 
the conclusion that tlu* abundanct‘ of life in tln^ sea dc‘p(mdH <»n 
the abundance of those food-stutfs which an^ pnssmit in minimal 
quantity. If th(U‘e is an imuumse store of food in ilu^ sea, in the 
forj>4 of dissolved carbon conq^ounds other than carlxuuc acid, it 
is still the cast‘ that these substanci^s (which may bi^ emnpanxl 
with the humus of the soils) an‘ prodmnHl by tlu‘ metabedism 
^ See ElcmmtH of StatiHtlcs^ A. L. Lowlej, LoiuLm, 11)02. 
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of sonic inariiK^ organisms. Probably most of the plants and 
animals in the sea excrete this dissolved food-stnii (the mneus 
of alga(‘. and of some fishes, like the hag, or skate, for instance); 
and il‘\ve a<lmit that the intensity of metabolism is proportional 
to the surfac(^ of an organism, we may determine roughly what 
part is played by the. various groups ol’ marine organisms. Piitter 
gives soni(‘ hgures for the construction of such estimates^ Assum¬ 
ing a (•.om|)osition of th(‘ plankton, such as is represented by 
Lohmann’s tabk^s, and nguirding tlu^. total surface of all planktonic 
organisms as (spial to I()()(), lu^ finds that this surface is shared in 
the following manner: 

Protozoa, 29, 

M etazoa, 148, 

J>act(‘.ria, 400, 

Protophyta, 423, 

and it would a.p[)(‘ar from tlu'se hgun^s that the protophyta (the 
<liatoms a,nd lowtu’ algatO play a more important part in tln^ 
produt'tion of dissolve si (‘arbon food-stuifs tluin any other group of 
organisms in tlu', st‘a. It is irmt that thti total effect of the 
bacUu’ia would appi‘ar t/o 1 h‘ almost as gnait as that of the proto- 
phyla, but w(‘ shall set', that tluj g(‘ueral effect of the metabolism 
of l,h(‘ bacttu’ia is to conv(*rt all carbon compounds into (XX, and 
a.ll nitrogen compounds into nitric acid, or evtui fna^ nitrogiun It 
is only the ])r()tophyta among the plankton whitdi can utilist^ the 
(X).^ atid nitric acid compounds, and so we see that upon tlu\se 
n\sts tlu‘ gn‘.aU‘r part of the task of edaborating tlu^ organised 
food-stuff’, as well as that of tdaborating tlu‘ dissohaal fyod-stuff' 
of the H(‘a. 

(3) IhlYSH’AL (JoNDITIONS AND THE MeTAHOLISM OF 

Marine Oroanisms. 

Thus we are driviui to considcu* that the variations in the 
amount of food-siuffs—organic or inorganic—in the sea are 
factors of tlu^ first importances in determining the variations ii^the 
abundance (yf animal and vegetable lift‘., fnym place to place, and 


* Stojf'haviihalt. d(’$ Meere^i, p. 306. 
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from time to time. But further investigation will slu^w that 
certain physical factors—the temperatuns degree of coiuxuitratiou 
of the salts of sea water, and the intensity of sunlight—are also 
important foctors. Hydrography—the study of the physics of 
the waters of the sea—is now an important d(‘partm(‘nt of g(UH‘ral 
marine biology; and the results of this branch of mariiu* r(*s<‘arch 
must be considered in all discussions of th(‘- (piestion of t.lu^ 
variations in the nature and abundanc<‘ of hde- in the st'a. It is 
astonishing that it should havcHxnm vtny difficult to in<Iuc(‘ marine 
zoologists to take the view that the distribution of sp(‘ci(‘s of 
animals and plants, is in th(‘ long run the effind.of phyHi(*al faertors; 
and that hydrographical research is nec(‘ssary if W(‘. art^ to h‘arn 
what are the causes of the variations in abun(huuH\ ami tlu^ 
migrations of marine organisms, ihw is so a(*customed t.o think 
of corresponding biological phenomena on tlu^ land as di‘p<‘n<h‘nt 
on climatic conditions that it is extracu'dinary that, it slundd be 
difficult to think similarly with Regard to tlu‘ sea. Mammals, 
reptiles, some insects, worms and so on live on tin* Hurta<H* t.Iu* 
land, at the bottom of tlu*, atmospluuv, just as lumthic animals 
live at the bottom of the sea (tln^ hydrosphi‘n‘); an<l birds and 
many insects may be compared with tlu‘ pelagic* animals which 
live in the free waters of the sea. It is an (‘.V(*rv-day (‘xpin'itmc'c that 
the growth of crops and other tc'rn^strial plants, ami the breeding 
seasons, growth, and migrations of t(‘rn‘si.rial animals such a.n 
birds, are ultimately depmulmit on the* physical condititm of the 
atmosphere (climate), and ycd. one* fails to nnilist* strongly that, 
corresponding factors in tlu^ stni must have sitnilar elleets. 
Temperature, rainfall, and the hygrometri(‘al condition of tin* 
atmosphere all affect the lif(*-processi\s <ff tin* atiimnls and plants 
living on the surface of tlu‘ land, and apart from actual twidenct\ 
one would conclude that Uunp(*raturi* and salinity would also 
affect the habits and nujtabulLsm of marine t)rganisnm. But in 
the past marine biology has hemi studied mainly fnnn tlu‘ pennt of 
view of speciography and morphology, while hy<lrngraphy has Ihhui 
stu(iied quite apart from bioh^gy. It is only within the* last two 
decades that our knowledge of tlu* connection b(*twt‘(‘n the 
life-histories of marine animals and ilie hydrographical (‘ondition 
of the sea has been acquired, and iruleed it is still very meagri\ 
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I will notice very briefly some of the work that has been 
carried out dming recent years, with relation to influence of 
changes in temperature, salinity, and light, on the metabolism and 
habits of some marine organisms. 

Temperature. It is well known that the distribution and 
migrations of marine animals arc partially dependent on the 
temperature of the sea. The general fircts of the geographical 
distribution of marine species shew this so well that I need only 
notice the case of the corals. Massive coral foianations ai'e only 
found in those seas where the temperature is not less than 2r’C. 
and where the annual range is not greater than The 

secnition of lime by marine animals is greatly influenced by the 
tmnperature of the sea, so that the shells of mollusca are more 
massive in tropical than in temperate seas. Note the cases, for 
instance, of the tropical Tridacnas and the mother-of-pcuirl oysters. 
(Calcareous skeletons arc also more attenuated in tht^ casci of 
animals living at the bottom of tropical seas than in the case of 
those which live at the surfaces. It is rather difiictdt to sc^parate 
the (^fleets of temperature and salinity but tln^re is no doubt that 
the fornuT is a factor in itself. Thus the changes of salinity in 
the Irish kScu arc) insignificant when compared with those ii) the 
North iSea and Baltic, but wc nevertheless find that there are 
seasonal migrations of fishes which appear to be related to seasonal 
changes in temperature. Thus bass {Lahrwx lupus) regularly 
invade the waters of Morecambe Bay in June and July when the 
teunperature of the sea is approaching the maximum. Soles 
appear to segregate about the same time, and in the autumn, 
when the temperatures is beginning to fall again, large plaice 
approach th<^ shore from the deeper waters. Ccjd come ixito the 
Irish Sea when the temperature is falling to the minimum at 
the end of the year; and whiting frecpient the dcH'.per waters in 
the northern parte of the same sea just after the annual minimum 
of temperature has been attained, disappearing soon aftcuavards. 
D’Arcy Thompson has shewn that there is a certain corrt‘S|^)rid« 
once in the volume of the catches made by the Aberdeen 
trawlers, and the temperature of the sea on the fishing grounds 

m 
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frequented by these vessels\ Sometimes the abundance of fish 
on a certain ground appears to be related to the temperature of 
the water during the preceding season^. Many other instances of 
this kind might be given. 

We have seen that the abundance of life in the sea is related 
to temperature in such a way that the colder seas have a more 
abundant fauna than the warmer ones. This is well shewn in 
the case of the quantitative plankton catches made in the course 
of the German “ Plankton-Expedition.” If the reader will refer 
to the synoptical chart prepared by Schiitt^ he will see that the 
larger catches were made in the cold water to the south and east 
of Greenland, and in the upwelling tongue of cold water which is 
situated off the Gulf of Guinea: while the poorest catches were 
made in the warm waters of the Sargasso Sea. These results 
are apparently paradoxical, for the general effect of increased 
temperature is the increased metabolism of marine animals. It 
will be seen, however, that the effect is an indirect one, and 
depends either on the greater activity of certain forms of bacteria 
in reducing the amount of available nitrogen food-salts, at higher 
temperatures; or on the relations between what we may call a 
general anabolic, as opposed to a general katabolic process in 
the sea. 

Speaking quite generally we may say that the effect of increase 
of temperature in the sea is to increase the metabolism of cold¬ 
blooded animals. The cold winter months are the period of 
ebb-tide in the life-processes of such creatures. Many fishes live, 
during the winter, in a state of semi-hibernation, when they 
are quite inactive, do not feed, do not respire so much as in the 
summer, and lose weight. When the temperature rises in the 
spring they become more active, begin to feed, and their meta¬ 
bolism increases. Generally it is during the spring and summer 
months that reproduction fakes place in the sea. In the case of 
the lower marine plants the enormous reproduction during the 

Aberdeen Trawling Statistics,” Fishery and hydrographical investigatio 7 is 
in th^North Sea and adjacent waters (Cd. 2612), 1905, p. 344. 

As in the case of the abundance of anchovies in the river Scheldt. Joiiru, 
3Iar. Biol. Ass. vol. i. (N.S.), 1889-90, p. 340. 

Analytische Plankton-Studien, Kiel and Leipzig, 1892. 
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spring is to be traced to the acciiinulation of food-stuffs in the 
mitiir; no doubt also to the increase in the intensity of sunlight, 
whicli raises the intensity of photO’-synthesis; and also to the rise 
in teinp(‘rature. But the spring spawning habit of the larger 
marinti animals is perhaps the outcome of a long scries of seasonal 
changes in the general external life-conditions of these organisms. 
Fluct.uations in temperature, food supply, &c., have, in the course 
of tinue so o])(U'at(Kl that a s})awning habit has been formed; and 
heredity has ultimately stamped this seasonal reproductive act 
on the life-histories of these animals. It has become a periodic 
habit and is now only indirectly atfected by changes in the life- 
comlitions. 

There are comparativ(*Jy few siaies of observations on the 
inflect of t(‘mpm*aturc changes on the intensity of marine meta¬ 
bolism, but whatever indicator of the lattiT process we may take, 
tlu‘ intimacy of the conncjc'.tion is well shewn. The pcdagic eggs 
of a t(dc'ostc‘an fish hatch out in from one week to three, and the 
diwctopmcait of the cmibryo is always hastemed by an increase in 
tc‘mpc‘raturc‘. Ho close', is the relation bcitwceu temperature and 
incubation period that it might almost be expressed mathe- 
itiaticially ^ More precise', mciasurcments of the variation of the 
rate', of mc^tabolism with temperature changers are given by estima¬ 
tions of i/he c'xchangci of oxygen and carbon dioxide between the 
organism and its nuslium, and several such series of observations 
have', benm madc^ by Piltter. Thus in the case of the metabolism 
of marine', bactenia tlu'. following figtires were obtained-: 


Oxyyeti, afmrlmd by the bacteria CAmtaiaed in one litre of 7mter from 
N'ajden Hay^ kept in the dayde in eterilhed reesels. 


Tcnip. 0(^1 b. 

0 UHod, ingra. 

T(*uip. Cent. 

ll’O 

0*78 

13-3 

12-2 

1*17 

13*<) 

13*2 

1 '22 

14*1 


0 nigra. 


1-23 

1-74 

1-58 


^ llelbiHch, IVm, xMcereaunt. Kiel Ktmnn. Bd. vi. Abth. Kiel, 1902. 
^ Sloyhatoshalt dcB ]\leeres^ p. 33H. 


16—2 
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The results of this series of estimations are of great interest, 
for they indicate that the bacteria may exert a powerful influence 
in reducing the proportion of oxygen contained in the warmer 
seas. The mean value as indicated by the above figures at 13 T C. 
is 1*2 milligrammes, and from this Putter calculates that 1000 
millions of bacteria—a number which may be present in one 
cubic metre of Mediterranean water—may use up about 300-times 
their own weight of the dissolved oxygen. 

So also with the other organisms dealt with by Putter. Thus 
the calcareous alga Lithothamnion racemus, when kept in the 
dark, uses up oxygen, and the amount of the latter utilised by 
the plant is almost exactly proportional to the temperature, 
increasing with the latter. The oxygen-consumption of the holo- 
thurian Gucumaria grubei increases with the temperature, and as 
we have seen (p. 232) the nature of the nutrition process also 
changes, so that at the higher temperatures the oxidation pro¬ 
cesses become more prominent than those of the fermentation 
character^. 

Salinity. Precisely how changes in the concentration of the 
salts of the sea water affect the habits and metabolism of marine 
animals we do not know. It is of course easy to see how changes 
in the density of the water may have powerful effects in the 
distribution of certain animals in the sea. Many organisms, such 
as pelagic fish eggs, have almost exactly the same specific gravity 
as the water in which they float; and any alterations in the 
density of the latter (such as may be caused by changes in salinity, 
in temperature, or both) may cause these organisms to rise or sink 
in the sea; and since the strength and direction of the currents 
may vary at different levels, the distribution of the fish eggs, or 
of the larvae hatched from them, may be affected. Further, such 
eggs or larvae may be carried by currents into other parts of the 
sea, the estuaries of rivers for instance, where the density is so 
low that they at once sink to the bottom, become smothered in 
mud, and die. It is probable that considerable numbers of pelagic 
fish eggs may be destroyed in this way in the Baltic, where the 
density of the water may fall so low that fish eggs and larvae do 

^ Vergleich. Phys. Stqffwechsel, p. 52. 
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not float in it. These are indirect effects of changes in the salinity 
of the sea water; but thcr*c is also evidence that slight changes 
in the salinity per se may affect the metabolism of marine 
organisms. How precisely this happens we do not know, but we 
<lo know that very slight changes in the salinity and composition 
of sea water, in which float the eggs or larvae of certain marine 
animals, afflict, in a very notable manner, the further development 
of th(‘stj thingsh A priori we should expect that reactions of this 
natuH' would take place, for in many marine invertebrates the con- 
cemtraiion of the juices of the body is very much the same as that 
of the salts in sea watcir. In tluise creatures the wall of the body 
is a stani-ptaiueable membrane,” and diffusion out of, and into the 
blood, modifled of course by '' vital action,” must take place. 
lh-<fl)ably the key to many of the cffiects whicli we have to consider 
may ho. sought in these diffusion phenomena. 

Howanau* this may be there is good cvidetice that slight 
changes of salinity have considerable influence in determining the 
mov(onents of mariiui animals. So far this evidence relates almost 
entirely to th(i migrations of tlui (alible fishes, and has been 
colhadual b}-^ a comparison of the fishery statistics with the results 
of th(' hydrographic study of tlu^. nortlnnai seas. 

(I) flffie migration of theluaTing. Tins is one of the older 
prohhans of thci tiatural history books. The great summer herring 
fishery of tluj coasts of Jhatain Ix^.gins about May off the coasts 
of th(‘. outer Hednides and Orkneys, extends, in June, to the sea oft‘ 
th(‘, (toasts of Aberdeemshire; and them changes in such a manner 
that th(‘. bulk of tlu^- fish taken in each successive month are caught 
furtlun* to the south along the east coast of Britain, until in 
Noviunbta' tlu', fishery is conc(mtratcid in the soiithern North Sea, 
and m Dc'cunnbca* and Jatmary off th(‘. coasts of Devon and Cornwall. 
Nothing call be efij^arer than this orderly change in the situation 
of the ])lac(* of the maxinunu herring fislnny. It used to be sup¬ 
posed that theuxi were great shoals of herring which came from 

^ Tb© r«ad(*.r will rometiiber the claBHical experimentB of Loeb, who induced the 
eggs of the Hoa-urchin to begin to d<jvolop xnerely by adding certain salts, inflight 
traces, to the watcu' in which these eggs were contained. Hoe also some very 
interesting observations by Moore, Boaf and Whitley on the inlluonoe of slight 
traces of acids, alkalies, due. on the development of the eggs of the plaice and 
sea-urchin, Proc. Itoy. l^oc, LimdvHj Jtuxuary (>, IDOC. 
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somewhere in the Arctic regions, and that as the season progressed 
these fishes gradually migrated to the south- It is now fairly 
certain, however, that the herring which appear off the east coast 
of Britain are mostly local in their origin; and that they form 
shoals at certain times in the year for the purpose of breeding. It 
is only when these shoaling movements are taking place that the 
herring are sufficiently crowded together to allow of the practice 
of the methods of fishing. But it is now nearly certain that the 
shoaling migrations are to be associated with changes in the salinity 
and temperature of the sea water. If the reader will refer to a 
chart of the positions of the great summer herring fisheries h and 
then compare this with the chart of the temperature and salinity 
of the sea during each successive months he will just be able to see 
that as the isotherms 13° C. to 15° C. pass to the south, that is as 
the Atlantic water of the European stream passes to the south of 
the North Sea from the north, so also does the position of the 
maximum herring fishery change. But the correspondence is not 
an exact one, and one must not conclude, on this account, that there 
is no connection between the temperature and salinity of the sea 
and the shoaling of the herring. It is far more probable that the 
lack of exact correspondence is due to the defective fishery statistics, 
on the one hand, and the infrequency of the hydrographic obser¬ 
vations, on the other. 

(2) Winter herring in the Skagerak. The winter herring 
is a fish which does not inhabit the Atlantic water proper (salinity 
35 per 1000 and over) but a mixture of this with coast water, 
which is called “bank-water,” and which has a salinity of about 
32 to 33 per 1000. When this layer of bank-water is abundant 
in a sea-area then the winter herring is also abundant; and when 
the bank-water is scanty, or absent, then the winter herring is also 
rare, or absent altogether. Such a scarcity of bank-water may be 
due to the exceptional flooding of the sea-area with the Atlantic 
water from surface to bottom^ and when this occurs the winter 
herring fishery is a failure^. 

’ "See Kyle, Bulletin Statistique, Cons. Berm. Internat. Bailor. Mer, vol. i. 
1906, where there are charts of the situation of the herring fishery, from month to 
month, during the year. The hydrographical data may be found in the Bulletins des 
Resultats, also published by the International Council for. Fishery Investigations. 

^ Pettersson, Bappts. et Broc.-Verbaux, vol. iii. Appdx. A, 1905. 
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(3) Line fisheries in the North Sea. If the reader will 
refer to the chart of depths of the North Atlantic he will see that 
north from Shetland the bottom of the North Sea slopes down 
gradually into the depths of the Norwegian Sea. During most of 
the year Atlantic water lies on this slope of the North Sea Plateau; 
at tlu^ bottom there is cold Arctic watcu'; while between this, and 
the surface stratum of Atlantic water, there is a mass of water 
which is intermediate, in salinity to the two principal layers. This 
stratum of mixed water is rich in copepods and other plankton, 
and is inhabited I by fishes such as the halibut and ling. Sometimes 
the uppc'r salt layer is thick and then the. mixed layer lies far down 
the slopes; sometimes it is thin, and then the intermediate layer 
lies furtlu‘r up th(‘. slopte In June, wlum the Atlantic flooding is 
<it a minimum, the 35 ])(.‘r 1 ()()() layer is thin and the fishermen 
set tlu'.ir lim^s in comparativ(‘!y shallow water. In the autumn it 
is thick, and the lines an^ st^t in (keeper waterb 

(4) Fish(n’i(‘s of th(‘. ihirentz Scm. Every year the Barent^s 
S(‘a, is fioodtHl with rt^lativ(‘l 3 r warm and salt water from the 
Europi^an Strt'am, and (wm-y y<‘ar a fishery for food fishes, such 
as plaicH', n^ctirs in th<‘S(‘ nanotti seas. When thc^. Atlantic water 
sets in then^. is an immigration of food fishes into the Barentz 
8ea. On th(‘. subsidcmct^ of this Hooding of gonial water the food 
fishes (k^sert. the an^'i, thc^ ti’awling is a failure, and the benthic 
fatina changes in charaetta'". 

(5) Icelandic fisheri(*s. Iceland is surrounded by water 
which is part of tlu’; southerly-fiowing polar stream. On its sea¬ 
ward bordtn' this cold coastal watin* is mixed with water which is 
warmer and (k^nser, and which is part of the Irrninger Current, an 
offshoot of tht^ Europ(‘an Stn^am. Just on the border I'e-gion of the 
two areas of water tlu‘.re is a tnixed portion, where the salinity of 
the Atlanti(‘- constituent is reduced slightly by the fresher Polar 
water. Men^ the spawning cod is to ha found, and this fish does not 
inhabit tluj cokku* inshun^ zone, In the course of the summer all 
food fishes inhabiting this border region (of mixed water) pass to 
the east with the general movcmient of the stream‘V’ 

1 P(^tter8Hon, Jinppta, et Proc.-Verhaiay vol, in. Appdx. A, 1905. 

® BreitfuHH, Vvrhttndh Vth Inter iiat, ZooL CongreM. 

® Schmidt, “ FiHkcriunderHOgcdBiT Inland F'aeroerne Sommer 190S,” Skriften 
Komin, Havuyidenogeher, i. Kjobenhavn, 1904. 
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(6) “North” and “South” fishes. Long ago Heincke and 
Mobius^ divided the fishes of the Baltic into “north ”and“so^h 
fishes. More lately Henl^g made a somewhat similar classifica¬ 
tion. The terms are relative ones, and apply only to the general 
habits of the fishes. South-fishes, or summer-fishes, are those 
which inhabit the water of the European Stream and its offshoots, 
or live in proximity to this water mass. The best examples of 
these fishes are the garfish (Belone), the hake, the sole, the turbot, 
and the summer herring. North-fishes, or winter-fishes, inhabit 
the mixture of the Atlantic and Arctic waters. The best examples 
are the cod, the ling, the halibut, and the winter herring. Fishery 
statistics shew that the largest catches of these fishes are made in 
the North Sea, at the times and places when the water of each 
type predominates ^ 

Sunlight. I have already indicated (in Chap. VII.) the manner 
in which various marine organisms react towards changes in the 
intensity of the light falling upon them. Such reactions may be 
called ^^heliotropic/’ or ‘^phototropic/’ and are really reflexes towards 
changes in external stimuli, and may be compared with the 
nervous process which impels a moth to dash into a naked flame, 
or a sea-bird to fly against the windows of a lighthouse. The 
crowding of the trochospheres of Phyllodoce against the best 
illuminated side of the vessel of water which contains them; 
the similar behaviour of copepods, which has been observed both 
in aquaria and in the sea; and the distribution of Sagitta with 
respect to the depth of water, or the amount of sunlight, are 
probably instances of nervous reflexes. They are due to the 
stimulus of the peripheral nervous system, and the conversion, in 
the central nervous system, of the impulses thus generated into 
motor impulses, which cause the organism to move towards, or 
away from the source of light. 

It is quite different with regard to the behaviour of the marine 
protophyta towards changes in the intensity of the incident light. 
Perh^s one ought not to say that these organisms are not affected 
by light in the same manner as that in which a copepod is affected. 


^ Bericht XJntersuchung. deutschen Meeres, ii. p. 278, Kiel, 1877-81. 
^ Henking, Rappts. Proc.-Verb. vol. ui. 1905. 
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for their protoplasm possesses irritability, and so may possibly 
react towards light stimuli. But the main influence of light on 
the metabolism of the diatoms, and other protophyta, is expressed 
in the power of photo-synthesis which these organisms possess. 
This inttucaice of light is manifested in the elaboration of carbo¬ 
hydrate from the carbon dioxide and water of the medium, and in 
the building-up of proteid from these substances and from the 
inorganic food-salts of the sea. Wc shall see that the tendency of 
all m(d’.abolic ])roce^ss(3S in the sea is towards the resolution of the 
tissue substances of organisms into the most highly organised 
compounds of nitrogen and carbon~that is into nitric acid, 
wat(‘r, and carbon dioxidie Thcvse substances can only be utilised 
by organisms when the energy of sunlight is intercepted and used 
in the process of photo-synthesis by the green plant. Thus all 
the eiuu’gy manifested in the organic world is ultimately derived 
from tlu‘ tUKugy of solar radiation. 

What/ ])recisely arc the relations of the metabolism of marine 
protophyta towards tln^ intensity of sunlight, or nuliant energy of 
diffc'rent wave-lmgth, have not been sufficiently investigated. 
Much work of this kind has bemi done by the plant physiologists, 
in th(‘ case of t(‘rn'strial plants, but W(^ cannot assume that tlm 
results so obtiaiiuul hold good with regard to the unicellular plants 
living in th(‘ sea; and this caution is all the more necessary when 
we nuuembiu' that the experinumts of Putter on the metabolism 
of marine organisms hav(‘. led us to stispcct that the life-processes 
whu^h arc charact(U’isti(^ of the higher land animals do not 
nexu'ssarily hold good with ngard to the lower animals living 
in th(‘. S(‘a. Wo have sc^cn that the PkmktoTi-Expcdition found 
Hiilonphitenh living at a depth of over lOOO metres, and this 
woukl appanmtly indicate that the amount of light necessary for 
tlu^ carrying on of photo-synthetical processes may be very small; 
for at this (U‘i)th thcirci must be almost total darkiuiss, unless 
the light of the phosphorescent organisms is sufficient for the 
needs of the plants. Pantanelli^ has shewn that there is an 
optimum ” intensity of light in th(3 case of the photo-syntjiesis 
of starch by the land plants, which is about one-(iuartcr of the 
intensity of full sunlight; and it is not improbable that there may 

^ Sec JohCb Plant Phymologijy Clarendon PrcHS, 1907. 
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also be an optimum intensity of light in the case of the marine 
protophyta. It may sometimes be observed that a culture of 
marine diatoms in sea water mud exposed to strong Ksunlight does 
not shew the same obvious indications of rapid multiplication as 
when the same culture is shaded from the direct rays of the sun. 

Neither must we assume that photo-chemical reactions—the 
power of making use of solar radiations—are exliibited only by 
marine plants, or at least by those organisms possessing (‘.hlorophyll 
plastids. Patten^ suggested long ago that thi‘ “ewt's” of the 
scallop {Pecten) were not solely visual organs, but also constitut(‘d 
an apparatus for the utilisation of the eiu^rgy of sunlight; and 
there is a fair amount of experimental evidence in favour of this 
hypothesise It must have occurred to many zoologists that if a 
principle of economy of cifort'' is to be assununl in morphological 
speculations, the explanation of thci functions of a batUTy of 
highly developed visual organs in such an animal as Pecten is 
rather diflScult to find. But however this may be we hav(‘ din^ct 
evidence that the intensity of metabolism in sonu^ marine animals 
may be influenced by the amount of light which falls on tluur 
surface. I quote here some results obtaiiU‘d by Filt.Uu'*’* in the 
course of a research on the amount of oxygim used by th(‘ sponge 
Suberites in conditions of light and darkiusss: 

Amount of oxygen used per houi\ mid per kilogram me. of weight 


Temperature, 

Dark^ 

IJght, 

Cent. 

0 used up, ingrK. 

0 TiHcd up, ingrH, 

17-7 to 17-<) 

15 

41 

12-8 to 13 

m 

m 

12-3 to 12T) 

43 

57 


There can apparently be no doubt of the existence tjf a photo¬ 
chemical activity in the metabolic processes of Pulmdtes^ The 
aduh sponge is an organism posst^ssing no powers ()f locomotion, so 

^ Mitth. Zoot Stat. Neapel^ Bd. vi. IBHG. 

See Herlet, “ Tiber die Bedeuhmg d. Pigments f. d, physiol. Wirkung der 
Licbtstrahlen,” ZeiUchr, Allgem. Phtjs. vol vi. 1907, p. 44. 

* Vergleich. Phys. Stoffwechsel, p. 80. 
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that there can he no question of an increase of energy due to the 
stimulation of a sensory surface by light, and of a consequent 
greater a,mount of movement producing an increased respiratory 
interchange. Further there is no differentiated sensory, or central 

nt. TVOuB sysi.em. We must apparently conclude that the change 
in the intensity of light produces a change in the rate of 
metabolism, and that the increased oxygen consumption is the 
indicator of thesc^. changes. 

There is a relation between the colour and transparency of 
sea watin' and the dc'.nsity of the plankton. Sea water varies in 
colour from cobalt-blue to yellow, and these variations are duo to 
th(‘ mixtun^- of the blue colour, which is due to the water itself, 
with th(^ green-yellow to brown-yellow of the chromatophorcs of 
tlu^ plant «>rganiHms. The transparency also varies, as we have 
Siam, and t.h(‘ changes an^ due to the variable amount of inorganic 

pa, rticli‘s in susptmsion, and to thci varying opacity of the organisms 
of the plankton. Then^ is a parallelism betweem the density of 
planktonic life, tht‘ transpanuicy, and tluj colour. ‘^The yellow 
Baltic only allows us to sec^ the white plankton-net at a few metres 
beneath tlu^ surfaci‘; the gnam Arctic water transmits light rays 
from a gniihu' (hq)th; and what visitor to the Mcaliterrancan has 
not b(‘en impress(‘d by the l)lu(‘. colour of that pellucid sea?^' 
The Baltic shews us a ‘'ctdossal wealth'’ of plankton life; the 
Arcitic wai»(U'B, as in tlu^ Irminger Sea, or the iQords of Greenland, 
are not much poonu* in v(‘g(d,able microscopic organisms; the 
])lankton fauna atul flora of thc‘, Mediterranean is still more 
mcMXgre; and that of tlu^ oceanic Sargasso St^a is apparently the 
poorest of all. Observations of tranB])arency, colour, and 
plankton-contcmts, all slunv a paralli^.lism, and all lead to the same 
conclnsion, that the ptirc blue is tluj colour of desolation of the 
high sells. Tlu^ colour of the Arctic seas is comparable with the 
gretm of thi‘. meadows, but the colour of the most luxuriant 
plankton-fl(jra is tln^ yellow of the Baltic k” 

Wo have considered only the coarser factors of temperature, 
salinity and light, but it would probably be wrong to conclude^ that 


^ Schiitt, Dnn PJl(uize7ih'hen der llochnee, p. 70, Kiel ii. Leipzig, 1803. 
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only these influence the metabolism of marine organisms. We 
know that meteorological changes, so subtle as almost to defy 
analysis, do affect man and the higher terrestrial animals. Every 
angler knows that the ''rising” of trout is affected by almost 
imperceptible changes in the condition of the atmosphere. And 
since the physical organisation of many of the marine animals is 
hardly, if at all, inferior to that of the terrestrial mammals it may 
be the case that very slight changes in the physical condition of 
the sea water affect them also. 



CHAPTER XL 


BAOTEBIA IN THE SEA. 

So far I have alluded only vciy C4isually to the bacteria of the 
Hea. .Bt^cause of their universal distribution and their special 
modes of nutrition these micro-organisms do not fit into any 
g(meral sclumu^ of chussification such fis wc have considered with 
ntgard to the otluu' organisms in the sea. They belong to the 
Ixuithos, for w(‘ find them in the muds and oozes at the sea bottom; 
but tlu'y b(‘long also to the plankton, for we find them everywhere 
difius(‘d throughout the waten* of the sea. Both in the sea and on 
t.h(‘. land tlu^ bacteria are ipiite ubiquitous, and there is hardly any 
ol)j(‘ct in animate and inanimates nature which does not harbour 
them. Tht^y abound on the- surfaces of both terrestrial plants and 
animals, a-nd thcjy an^. found in the cavities of the latter which are 
in conuntmication with th(‘- outside world; while in some diseased 
statics almost iwery organ and tissue of the animal body may 
contain them. It is becauB(‘. of their \inivorsal occurrence in 
nature, and also because of their peculiar reactions toward dead 
organic substanct^ and toward the inorganic food materials of 
organisms, that the bacteria arc of such extraordinary importance 
in th(‘. “ houHt^hoki of nature,” 

Noic^ that (|uit(i special methods of investigation have to be 
adopted in studying them. No net that can be devised is fine 
iuiough to catch marim^, bacteria. We can indeed separate them 
from watcu' by nu?ans of porcelain filters, but this is hardly a 
UKians of collecting them. Thc‘y are always obtained from sea 
water, or from imid, or from the surfaces or parts of the bodies of 
organisms, by taking a small portion of any of these materials and 
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implanting this in a soliition containing certam food materials 
which can be utilised by the bacteria. Multiplication of the 
organisms then takes place and their numbers become so 
enormously augmented that their study is facilitated. Oi if we 
wish to estimate the numbers in which they occur in water or in 
any other material a sample volume or weight of the latter is 
taken and is distributed throughout the substance of a plate of 
some solid food medium, such as nutrient gelatine or agar, or is 
spread on the surface of the latter. Multiplication then takes 
place as before; each separate bacterium gives rise to a colony 
which is composed of a vast multitude of individuals; and since 
the colonies are large enough to be easily visible to the naked eye 
the number of individual bacteria in the original sample can be 
deduced, for each bacterium has given rise to one colony. Usually 
the colonies consist of individuals of the same species, so that the 
different species present in the crude sample can be isolated from 
each other and studied separately. The nature of the food media 
on which bacteria grow and multiply; the temperature at which 
they grow best, or are killed; the appearance of the colonies; the 
reactions of the germs to various chemical substances; and the 
microscopic characters of the organisms; all differ with the species, 
and are made use of in determining the latter^. 

The bacteria may be classified according to their morphology 
but this only affords a general scheme of grouping. Fischer 
distinguishes the following families: 

(1) The Coccaceae, in which the germs are usually spherical 
bodies of minute dimensions. The individuals may be separate 
or arranged in little clusters, as in the case of the Staphylococci 
of the pathologists. In addition to these micrococci we have the 
Sarcinae and their allies, in which the cocci are arranged in 
groups of four: and the Streptococci, in which they are arranged in 
chains. These characters depend of course on the direction of the 

^ It is of course quite impossible to allude to the methods of the science here. 
During the last forty years the methods of bacteriology have been dominated by 
the immense importance which the study of micro-organisms has acquired from 
the standpoint of medical science. The reader who is desirous of studying 
bacteria from the point of view of the circulation of matter in nature cannot 
do better than study A. Fischer’s Structure and Functions of Bacteria (English 
translation by Coppen Jones, Clarendon Press, 1900). 
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divisions in which the original hactorial cell, which gave rise to the 
colony, cleaved. (2) The Bacillaceae; these are the tyjiical 
bacteria: they are rod-shaped l>odies, usually cylindrical, but 
sonietiuies (^gg-shaped and difficult to distinguish from cocci. 
(3) The Hpiralldceae: in this liutuly the vegetative cells are 
always cylindrical, but they an‘. s})irally twisted rods, or bent, or 
slightly twist(ul “commas,” or hmg and slender s])irals or Spiro- 
chaetes. Some of hitit^r organisms belong to other 

groups of protista. Finally thma^ an^ the (4) TricliohacterinGeae, 
among which tlu‘. Vi‘g(',ta4iivc form is a long branched or \inbranchcd 
filament, sometinu's rigi<l and (mclost'd in a shc^ath, and sometimi^s 
motile with undulating or gliditig moveunents. Individual cells 
break off fn)m theses filanumts and <iaoh of thesis, the swarm-spores, 
or gonidia, gives rise to a n<‘w colony. 'Tiny are the most highly 
organisiMl of the bacttu'ia. In Fig. 31 I give an illustration, of 
some of tlu‘ typic‘.al forms of l)act(n'ia. The readijr tnust note that 
these morphological eharaoten's carry us only a little way in the 
determination of tln^ s])t‘cies to which a bacterium belongs. The 
biology of the organisms: tlu‘ir dfect on diffenmt food media; the 
nature of tlunr sporulating proct'ss; th(*ir reaction towards oxygen, 
temperature, &c.; thihr pathogtmict'ffects: those and many other 
properties all art‘ made use of in t!u‘ ichmtification of the species. 
Most bact(n*ia art‘ motik^ that is tiny cati execute movetnents, and 
theses arc caused by cilia or tlag(‘l!a. Many, or most, produce 
spores, which consist of thi^ proto))laHm of the cells concentrated 
1.0 form small rounded massc's possessing a thick wall or capsule- 
Tiny constitute the rt'Sting stage of tlui organism and tiny ar(‘. 
always highly n^sistant to agtmcicB winch divstroy the bactmial 
vegcdiative ctll. Sonn^ bacteria—anatu'obes—can live in tlui total 
absenct^ of oxygem, whiles oi.lu‘rs livt^. pn^ferably in the presence of 
this gas, and may hiT.onnt athmuabnl or enfeebled if the amount 
of oxygen in their atm(hsplna’(^ diminishes~b(‘twtHm aei’obic and 
anaerobic bactmia tluuH'. art‘ many gradations. For every baettuinm 
there is an ''optimum” tcunpiTature at which the organism grows 
best; a maximum tennperatun^ at which it is killed; and a 
minimum ttanperatun^ at which it may survive, but at which it 
cannot grow. Usually tln^ multiplication of a bacterium is arrested 
at a temperature of OHJ,; and at a tempcratur<i above 42''C. 
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many are killed, but some can survive a temperature of about 
twice that mentioned. The spores of bacteria can resist freezing, 
di^ung, or temperatures which destroy the vegetative cells: 
thus the spores of anthrax bacteria can withstand immersion in 
boiling water for some time. A very great number of observations 
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regard to their disease-producing effects; and pathologists 
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have founded hosts of species on these characters. Very many of 
these so-called species have probably little real value. 

The distribution of bacteria in the sea. There are many 
isolated observations of the occurrence of bacteria in the sea, but 
the first really extensive investigation of their presence was 
made during the Plankton Expedition^. Generally speaking the 
water near the shore is richer in bacteria than that further out 
at sea, and much richer than the water of truly oceanic areas. 
This abundance of germs near the land is due to the drainage from 
the land; and also to the rich algal flora of the shore which pro¬ 
vides abundant food for the micro-organisms. Estuaries on densely 
populated parts of the coasts are rich in those bacteria which 
abound in the excreta of man and the domestic animals. I have, 
estimated as many as 70 bacteria belonging to the Bacillus coli 
group in 1 c.c. of the water of such an estuary. But this influence 
of the land does not extend to more than about ten miles out to 
sea. Thus I have made several analyses of the contents of the 
bodies of shellfish living at this distance from the shore and have 
failed to find any evidence of the presence of intestinal bacteria, 
although the shellfish near the shore on such a coast are universally 
infected with such bacteria. Generally speaking it is the case that 
the bacteria which inhabit the intestines of land animals do not 
find a suitable habitat in sea water and when introduced into the 
latter they gradually die out. The experiments made at the 
instigation of the Eoyal Commission on Sewage Disposal shew 
that the pathogenic and non-pathogenic bacteria of man and the 
higher animals do not multiply in the sea—a very fortunate thing 
in these days of crowded watering places, and popular shellfish 
consumption. 

Such bacteria do not occur at all in the open sea. The forms 
which we find there are (][uite different. Sarcinae and Streptococci 
were not found at all by Fischer in the open Atlantic, and other 
cocciform bacteria occurred very sparingly. Moulds like Peni- 
cilUuwi and Aspergillus were observed, but it is possible that the 
occurrence of these was due to the accidental contamination of the 
water samples and cultures. Saccharomyces, or yeasts, were found 

1 B. Fischer, Mrgehnisse Plankton Expedition, Bd. iv. 1894. 
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at great distances from the land. Bacilli occurred but they were 
not numerous. The predominant bacterial species in the open sea 
are spirallar or bent rods, chains of commas, or twisted corkscrew- 
like forms. Fischer shews that there is great diversity in the 
morphological characters of oceanic bacteria, but that, as a class, 
they are distinguished by the following features: (1) they are 
either bent rods or spirals; (2) they exhibit a decided preference 
for food solutions containing salt in the proportion in which this 
occurs in sea water; and (3) they are often self-luminous. It is 
true that many land forms exhibit these characters: thus the 
cholera germ, and the associated group of vibrios, have the form 
which is characteristic of the oceanic species; some land forms can 
live in highly saline solutions; and Kutscher has shewn that a 
bacillus may be present in the human intestine that may be self- 
luminous \ But as a group these characters distinguish the truly 
oceanic from the land bacteria. 

Halibacteria. This is the general term (quite a loose one of 
course) which has been applied to the marine bacteria. They can 
live and multiply in sea water containing no added food salts, or 
other substances. This was repeatedly proved on the Plankton 
Expedition when water taken from the sea was at once placed in 
sterilised test tubes, and in a few days it was found that decided 
multiplication had taken place. They are almost exclusively 
aerobic bacteria, living in the presence of oxygen, but many can 
function as facultative anaerobes, that is they can live in solutions 
containing no free oxygen. Their reaction to temperature varies 
greatly, thus Halihacterium pellucidum has a wide range of 
temperature, some luminous bacteria grew and produced light at 
the freezing point of fresh water, others multiplied at 3^^ to S'" C., 
others again at 10°, and one even at 46° C. In no case did Fischer 
observe endogenous spore formation, that is the formation of a 
spore within the vegetative growing cell; nevertheless he was able 
to keep some of his cultures on agar for 2^ years. All halibacteria 
are^more or less motile. Some appear to be pathogenic: when 
introduced into the peritoneal cavity of guinea-pigs or mice, death 
of the host took place and the bacterium could be obtained from 

^ Deutsche medicmische Wochemchrift, No. 49, 1893. 
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the heart’s blood of the animal shewing that it had multiplied in 
the tissues. 

The distribution of the halibacteria is very wide. H, poly- 
morphum is the most ubiquitous form and then comes H. roseum 
and H, pellucidum. They occur at all levels of the sea down to 
1000 metres. But whereas the bacteria taken from the surfxcc of 
the sea did not multiply in pure sea water, those obtained from 
the depths did so. Possibly the strong light at the surface 
enfeebled them, for at the depths from which the more healthy 
individuals came there could be little or no sunlight. They 
occurred on the exterior of some fishes and other marine animals 
taken during the Plankton Expedition. 

Luminous bacteria. Many marine bacteria produce light 
just as do hosts of other organisms like CeroMimi, Noctihica, 
worms, deep sea fishes, Crustacea, and other creatures. In the 
North Sea and Baltic phosphorescence is usually due to Ge7xit/mm, 
and in the Irish Sea to Noctiliica. Often however the light is due 
to luminous bacteria (Photobacillus or Microspora). Often fish such 
as herring, mackerel, whiting, &c. are brilliantly phosphorescent, 
even before decomposition is very evident. I have seen the 
liquid (water containing alcohol from which most of the latter 
had evaporated) in a tank containing very imperfectly preserved 
whiting so very phosphorescent that it emitted quite a strong 
light. This phenomenon is due to the enormous multiplication 
of organisms which have been called Photobacteria, the commoner 
species being P, indicans, P. luminosum, P, phosphorescens, &c. In 
a brilliantly phosphorescent sea the light is only shewn on the 
surface where the waves break in contact with the air, or arc 
churned up in some way, as by the blade of an oar, or agitated as 
in the waves thrown off from the bows of a ship, or in the wake 
of the propeller or paddles. In these cases the luminosity is 
evoked by the supply of oxygen to the bacteria. But one can 
often see a net towed beneath the surface of the sea brilliantly 
phosphorescent. In some cases the phenomenon is certainly^ due, 
not to bacteria, but to Ceratium or Noctiluca, But whether it is 
occasioned by bacteria or protozoa the cause is always an oxidation 
process, and in the case of all organisms displaying it the light is 

17—2 
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produced as part of the surplus energy of the organism. In the 
case of the bacteria it is arrested by withdrawal of the oxygen 
supply, and is increased by the abundant supply of the latter, 
and also by the supply of some highly combustible food such as 
carbohydrate. In all cases the light is greenish blue in colour. 

The nearest terrestrial allies of the halibacteria are the cholera 
bacillus and its congeners. In these two groups of micro-organisms 
the appearance of the colonies to the naked eye is similar, and the 
morphology and biology are the same, or are very similar. The 
cholera germ is a typical fresh water microbe. Fischer points out 
that the spirallar form is the best adapted for progression through 
water or for suspension in the latter. 

In what numbers are these bacteria present in the sea? 
Fischer estimated that from 20 to 785 germs were present per c.c. 
of the water from the Sargasso Sea in the mid Atlantic. In the 
Gulf Stream 645 bacteria were counted in 1 c.c. on one occasion. 
If we take it that about 600 germs are in 1 c.c. then we have a 
total of 600 millions per cubic metre of sea. I do not doubt that 
this is a reasonable estimate, and that it is vastly exceeded in the 
water from inshore areas. But prodigious as are the numbers, they 
represent only a very small mass of life. Thus 600 millions of 
bacteria form far less than one gram of solid substance. 

The pntrefactive bacteria. We may now consider some 
groups of marine bacteria which have special modes of life, and the 
importance of which lies in the manner in which these organisms 
affect the abundance of the ultimate sources of food stuffs in the 
sea and on the land. Those germs which we have been considering 
so far are concerned with the breaking down of dead organic 
matter, that is we call them putrefactive bacteria. This leads us 
to a more minute consideration of the modes of nutrition of these 
micro-organisms. Fischer divides all the bacteria into three main 
divisions according to their habitat and mode of nutrition. These 
are: 

(d) The prototrophic bacteria. These are the most lowly 
organised of living things. They can use as sources of food such 
very simple substances as nitrates and nitrites, carbon dioxide, 
sulphuretted hydrogen and even elementary nitrogen. Green plants 
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can also use as food materials the nitrates and nitrites and carbon 
dioxide, but the activity of the plant, so far as its carbon assimila¬ 
tion is concerned, is bound up with the possession of chlorophyll, 
which substance enables it to utilise the energy of sunlight. Now the 
prototrophic bacteria have no chlorophyll; they can live and grow 
in the dark; and they can synthesise the complex proteid substance 
of their living bodies from nitrates, nitrites, carbon dioxide and a 
few simple mineral salts. No other organisms can do this. They 
live in the open and are never parasitic. 

(2) The metatrophic bacteria. Most bacteria belong to this 
division. They live upon the dead organic substance of plants and 
animals. They can form enzymes or ferments which bring about 
important chemical changes in many substances. They have many 
sources of food, but this is always highly complex compared with 
the food-stuffs of the prototrophic germs. They may live as para¬ 
sites within the animal body or on the surfaces of the bodies of 
both plants and animals. They are sometimes parasites but they 
can also live in the open. 

(3) The paratrophic bacteria. These also live upon the dead 
or diseased organic matter of the plant and animal organism, 
and they are always parasites inhabiting the tissues or cavities of 
the living body. Like the metatrophic bacteria they demand as 
food-stuffs the highly complex substances of organised matter. 
They never live in the open. Most disease-producing bacteria 
belong to this division. 

The putrefactive bacteria belong to the metatrophic group. 
When the body of a plant or animal dies it may, or it may 
not, decompose. If the dead body is kept at a low temperature (as 
in the case of the famous Siberian mammoth) it will not putrefy. 
If it is kept at a moderately high temperature (say 50° C.) it will 
not putrefy. If again it is permeated with certain substances, 
such as corrosive sublimate, or carbolic acid (antiseptics), neither 
will it putrefy. Decomposition is always due to the living activity 
of metatrophic bacteria, and in the above circumstances the 
bacteria are either destroyed, or their activity is inhibited^or is 
arrested. 

When the proteid substance of the body is decomposed by boil¬ 
ing acid, or caustic potash, or barium hydrate, certain substances 
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result from the break-down of the proteid molecules. These are 
very numerous and are still very complex chemical compounds. 
A number of substances called amino-acids are produced, some of 
which are leucine, tyrosine, glycine, &c. Albumoses and peptones, 
very complex substances, may also be produced during the first 
stages of these decompositions. Very malodorous substances such 
as indol and skatol, substances to which the odour of the excreta 
is due, are also produced. It is only during the last few years that 
we have become intimately acquainted with the manner in which 
the frightfully complicated proteid molecule-complex decomposes, 
and the wonderful researches of Emil Fischer, Abderhalden and 
others indicate that the actual manufacture of proteid substance in 
the laboratory, with all the results that this achievement suggests, 
may be a thing of the near futureh 

Now when putrefaction begins in a dead body much the same 
series of compounds as are produced by the action of chemicals (in 
the hydrolysis of the proteid) come into existence. The bacteria 
seize on the dead substance and break it down. Some of the 
putrefactive bacteria—the saprogenic species—break down the 
proteid substance into simpler stuffs, and others—the saprophile 
species—utilise these first products of decomposition as food. Both 
processes go on together. Putrefaction is a very complex process 
and it is modified by many agencies such as the temperature and 
the presence or absence of oxygen. When oxygen is freely admit¬ 
ted to the putrefying mass—aerobic putrefaction—rapid decompo¬ 
sition with but little smell takes place. But when air is partially 
or entirely excluded—anaerobic putrefaction—as in the interior of 
a decomposing carcase, then foul-smelling products accumulate. 
Sometimes ptomaines, many of them highly poisonous substances, 
are formed. Altogether the putrefactive process is very complex, 
and our knowledge of it is still very imperfect. 

But in the long run all putrefactive processes due to bacteria 
have the same result. The complex proteid substance is broken 
down into a few comparatively simple substances. These are 
ammonia, carbon dioxide, sulphuretted hydrogen, water, phos- 
phoretted hydrogen (which at once becomes oxidised by the oxygen 

^ An excellent account of these recent investigations is given by Plimmer in 
Science Progress for July 1907. 
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of the air), marsh gas, nitrogen and possibly free hydrogen. The 
sulph\irettcd hydrogcm becomes oxidised in various ways, and then 
all that remains of the proteid are a few innocuous and inoffensive 
coTupounds, which rapidly diffuse into the water of the soil, into 
rivers, &c. 

Fermentation bacteria. In the organic body there are three 
great classe.s of compounds, the nitrogenous proteids, the non-nitro~ 
genouB carbohydrat('S, and the fats. The proteids arc the “ flesh'' 
of th(^ body, and many other tissues not popularly termed flesh, 
such as horn, chitin, &c. Th(^ carbohydrates are starch, sugar, 
cellulose, &c. The fats are compounds of a fatty acid with glycerine, 
Put»refactivii decomposition concerns itself with the proteids. But 
the carbohydrates and th(^ fats arc also broken down by the agency 
of micro-organisms. Th(‘. fats arc split into their fatty acids and 
glyctuine, and thim each of these compounds is broken down by a 
process which wt' distinguish from putrefaction and call ferment¬ 
ation. Ferm(‘ntativ(^ ha,ct(U’ia doubtless exist in the sea though 
we have little knewUnlge of thiur distribution. 

Fermentation processes are amotig tlu^ most common things of 
(‘veryday life. Tlu* format.ion of alcohol in the manufacture of 
win(‘s, spirits and laaT, is a process of fermentation. The souring 
of wine or beer, or of tuilk, is also a huauentation. So is the pro- 
ductitm of vim^gar, the. rising of bnwl in baking, the ripening of 
che(‘s<‘, and many otluu' processes used in th(‘. domestic arts. In all 
ft'nru‘ntation processes some carbohydrate substance is decomposed 
by th(‘- vital atdloTi of bacteria and a simpler substance or many 
simpler substaiKu^s an^ foruusl Always, or nearly always, carbon 
dioxide^ is alsii formed, Ihit whereas the end products of a putre¬ 
factive^ procew an‘. ammonia and sulphurctt(‘d hydrogem and some^ 
othe'r bodie^.s, those of fermemtation a,re carbon dioxide anel water. 

The characteristic*, feiiture*, of a peitrefactive or ftamientative^ 
process is that a larger amount of tlui food material of the micro- 
organisrti (bactermim, mould or yeast) is broken down in order te> 
obtain a comparativcily small amount of ene^rgy. In the assimila¬ 
tion of sugar, as a food, by a higher organism this substance is 
completely oxidisenl and the proehicts of the combustion appear as 
carbon dioxide and water. All the available energy of the food 
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substance is thus obtained by the organism. But in the case of 
the fermentation of sugar by the wine yeast this complete utilisa¬ 
tion of the sugar by the organism does not take place, for a certain 
portion of the former (say one half) is oxidised as far as alcohol, and 
about one half suffers complete oxidation to carbon dioxide. Many 
minor products are of course obtained in small quantities. So also 
with putrefaction. A great number of molecules are oxidised, or 
otherwise broken down, and in these incomplete decompositions the 
micro-organism obtains its energy by, in one sense, a wasteful 
reaction. Many different bacteria and other organisms are con¬ 
cerned in putrefaction and fermentation, and the one may begin 
where the other leaves off. So in the end the products are the 
completely resolved ones, ammonia, carbon dioxide, water, &c. 

The sulphur bacteria. In some parts of the sea, as for 
instance in the “ dead grounds ” of the Bay of Kiel, in some parts 
of the Black Sea, and perhaps in parts of some of the Norwegian 
^ords, where the water circulation is defective, and where there 
may be a deficiency of oxygen, very remarkable bacteria are to be 
found. These are the sulphur bacteria, the occurrence of which is 
not, however, confined to these habitats. In the places I have 
mentioned sulphuretted hydrogen is evolved fi:om the decomposition 
of dead organic matter, and this sulphuretted hydrogen, to us a 
vilely smelling and poisonous gas, is utilised as food substance by 
the bacteria. Such a microbe as Beggiatoa takes in the SHa and 
oxidises it so that the sulphur is deposited in the cells of the 
bacterial colony, and the hydrogen appears as water. This is the 
form of assimilation of the organisms. Then some of the sulphur 
thus resulting fi:om the decomposition of the SHg is oxidised to 
sulphuric acid. This is the form of respiration of the organism. 
It requires some source of nitrogen for the formation of its living 
proteid and this it obtains from the minute quantities of nitrates 
and nitrites which exist in solution in the water in which it lives. 
But it requires very little nitrogen compound, for whereas a higher 
animal may require to oxidise some of the living nitrogenous tissue 
of its own body in order to obtain its energy, the sulphur bacterium 
oxidises the sulphur stored in its cells as the result of the assimila¬ 
tion of the SHo. Thus the proteid part of the cell is protected 



€H. Xl] 


liACTERrA IN THE SEA 


265 


from waste, and the ininirnal quantity of nitrogenous food-stuff 
suffices. 

This process is exactly reversed by the desulphurising bacteria, 
of which oni‘ species— desulphuricans —is known. This 
organism is abh^ to break down sulphates in its cells, liberating the 
sulphur in th<‘ form of sulphuretted hydrogen. 

The nitrifying bacteria. Thus the dead matter of organisms 
is broken down by the vital activity of the bacteria. In the case 
of putr(da(d.ive decomposition the process is carried out in a number 
of stag(\s, but the final result is the conversion of the complex pro- 
teid substatici‘. into ammonia. In the case of the fermentation 
process the fats and carbohydrates are so broken down that the 
(dement.s of these substances finally appear as carbon dioxide and 
wat(u\ Ihiti this is not all. The ammonia of the putrefactive pro¬ 
cess is hirther t.ransfornuid and is oxidised by the vital activity of 
the nitrifying bacteria. 

We know most of the details of this process now but it is only 
as tin* n*stilt» of oiuj of the very finest pieces of biological work 
that hav(‘ {‘ver b(*(*n ea,rrie(l out. Winogradsky’s work has now 
b(H5onu* classical and perhaps some day his investigations on nitri¬ 
fication will 1 h‘ translated into English and presented to the 
student of biology a,H a model of an investigation and an idealk 
Prtwiously it had b(*i‘n assumed that the accumulations of nitrogen 
salts-—the nitre bi*ds of Chili, for instance—had been formed by 
the oxidat'ion of dc*a(l organic matter, by the oxygen of the atmo- 
sphen*. Winogradsky, after a long series of investigations, in the 
cotmst* of which fumiamental methods of investigation had to be 
<wolviKl, shewi'd that the trausfoiination of the organic matter was 
tin*. rc*Hult of bactm’ial activity. 

Only thrc‘t* genera of nitrifying bacteria are known but they 
are of world-wide.^ distribution. They are Nitrosomonas, Nitro- 
coccm\ and Niirohacter, Nitrosomoiias, which (see Fig. 31) is a 
small oval bacillus furnished with a long cilium, oxidises ammonia 
to nitrous acid. Nit7'ob(tcte7* is a minute, non-motile bacillus and 
its function is to oxidise nitrous to nitric acid. These two 

^ There iw a good summary of Winogradsky’s investigations on nitrifying 
bacteria in Jost’s Plant Physiology, 
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l)acteria are, with regard to their mode of nutrition, and probably 
also with regard to their morphology, absolutely the simplest 
organisms known to us. They have no chlorophyll and can live 
and multiply absolutely in the dark. They require as Ibod 
only ammonia or nitrous acid as nitrogen sources, and carbon 
dioxide as a source of carbon. With these extremely simple- 
substances and with traces of the essential mineral salts they can 
form proteid substance and convert this into living protoplasm. 
They are aerobic germs deriving their oxygen from the atmosphere. 
Their carbon dioxide is also obtained from the air or from the 
ground water, and from the latter source they also obtain their 
mineral salts. Their energy is derived from the oxidation of the 
ammonia or nitrous acid. 

Nitrification of the ammonia resulting from the putrefactive 
decomposition of dead proteid is carried out in two stages: (1) th(^ 
oxidation of the ammonia to nitrous acid, and (2) the oxidation of 
the latter compound to nitric acid. Thcisc acids coinhiiu', of course, 
with whatever bases or alkalies are present in tht‘ soil in whi(*.h the 
nitrification takes place, usually lime or soda. I'his miiuiralisation 
of the ammonia is the last stage in the conversion of tlui tinstahle 
proteid substance into the stable and inoffensive miiu‘ral salts. 

Nitrogen-fixing bacteria. The ultimate^ sonreu^ of th(^ nitrog<m 
of the tissues of plants and animals is the atmospht‘ri<' gas. But 
elementary nitrogen cannot bo utilised by thi^ vast oiajtvrily of the 
organisms of either kingdom until it is combined witli oxygen, and 
with some base to form nitrates or nitrites, or is in t.he form of sonu^ 
compound of ammonia: then the plants can titilisi^ it; or until it 
is combined with oxygen, hydrogen, carbon, sulphur and phos¬ 
phorus to form proteid : then the animals can utilist^ it. If tlnui a 
considerable proportion of the combined nitrogen iif thi*> tissue's of 
plants and animals has been combined from the' eleme'iiiary state 
there must be some means of bringing abotit this syntlu'sis. Now 
when we attempt to combine atmospheric nitrogen ami oxygim in 
the laboratory the most powerful mc^ans arc required—either the^ 
electric spark or furnace. Yet we find that this synthesis is 
carried out by the vital activity of micro-organismB. 

It has been known for many years that the leguminous plants 
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can grew on unmanured soils and can produce a crop richer in 
nitrogen than any other known to us. Further Kuhn, in 1901, 
shcwexl that he had been able to raise good and increasing crops of 
rye on one field for twenty years, and that more combined nitrogen 
was tak(.m from the soil t.han Wcis precipitated on it from the 
atmosphere. Obviously then the fixation of the elementary gas 
must have been carried out in thi‘, soil. Berth clot shewed in 1885 
that this fixation was probably due to the action of bacteria, and 
just ten years later Winogradsky shewed, in his well-known memoir, 
that such micro-organisms werc^- actually present, and indeed were 
very widely distributed in the soil. Now the nitrogen fixation of 
the leguminous plants is affi^cted by the activity of a bacterium, 
Bacillus radioiookiy which infests the nodular, gall-likc swellings to 
be found on the roots of the leguminous plants such as peas, 
beans and clover; and the association of the two organisms, the 
plant and the bacillus, is a symbiosis, that is a metabolic partner¬ 
ship ; or a case of parasitism of the plant on the bacillary growth, 
whi(‘Ji(w<‘r vi(vw we choose to take—both have been advocated. The 
plant furnish(‘s the bacillus with a carbohydrate food—sugar; and 
th(‘. bacillus absorbs the atmospheric nitrogen, combining it with 
oxygen, and tlu‘ nitric add after being combined with some base 
is taken ti]> by thi^ plant. So much has btien made out by a long 
seri(3s of rc^searches, but Winogradsky shewed that there wore other 
bactcu'ia which lived independently in the soil, or in symbiotic 
n'lai.ionship with other micro-organisms, and that these microbes 
also ])osse8s<‘d the power of taking up th(j atmospheric nitrogen 
and combining it with oxygen. Winogradsky calhal the bacterium 
he discov(Ted OlosPridiuni. Soon afterwards Beijerinck followed 
with the discovery of another nitrogeii-fixing bactiTium which he 
called Azetobacter, So far such organisms were knowii only from 
the land but in 1895 and 1896 Kentner and Keding investigated 
the occurreiice of both bacteria and found that they were present 
also in tlu^ scab 

^ Boo JoHt’H Plant PhijHlohnjij^ Lecture. XIX., for a general account of the 
biology of PacillUB radicicolat and for an account of Winogradnky’H researches on 
CloBlridium, Koutner’s work is published in the Meeresunters. of the Kiel 

Kommission, Bd. vin. Abth. Kiel, 1005. He also gives a good account of the 
literature of CloHtrldiiwi and Azotobacter, Keding’s work is contained in Bd. ix. of 
the same memoirs. 
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Clostridium and Azotohacter occur in all land soils except moor- 
lands, and they are also present in sand dunes, especially when 
Strandpflanzen ” are abundant. They occur in sea water, in 
fresh water, and in the mud and sand from the sea bottom. They 
are present on the surfaces of both fresh water and marine plankton, 
and on the surfaces of sea-weeds, and such animals as starfishes 
and molluscs. They have been described fi:om the North Sea, the 
Baltic, and the sea off the coasts of Africa and the Malay 
Peninsula, and from the Indian Ocean. Probably both species are 
quite universally distributed. 

Clostridium is an anaerobe and Azotohacter is an aerobe. Again 
the former is a bacillus, while the latter is a coccus. They have 
this character in common, that they can take up atmospheric 
nitrogen and fix it, forming nitrous or nitric acids, which then 
combine with whatever bases are present. They can both be grown 
in food solutions containing absolutely no fixed nitrogen. 
Nevertheless in such solutions nitrites and nitrates accumulate. 

Clostridium can live in a solution containing absolutely no free 
oxygen: indeed the presence of this gas is inimical to the activity 
of the organism. Winogradsky cultivated it in a solution over 
which passed a continual stream of free nitrogen. It requires, of 
course, a source of carbon and is somewhat fastidious in this respect, 
demanding such carbohydrates as cane-sugar, laevulose, dextrose, &c. 
It cannot assimilate the higher alcohols, starch, cellulose or the 
organic acids. It requires potassium and magnesium salts and a 
source of sulphur. As it grows acid is produced, and this must be 
neutralised by the addition of calcium carbonate to the nutritive 
solution, free acid being detrimental to the growth of the bacillus. 
The salinity of the solution does not matter greatly, thus it can 
grow in both fresh and sea water and in water containing up to 
8 7o common salt. Though it is an anaerobic germ which is 
harmed by oxygen it can yet live in solutions containing this gas 
in the free condition, if along with it there are other bacteria 
which by taking up the oxygen can shield the Clostridia from the 
influence of the gas. This is a case of true symbiosis. 

Azotohacter resembles Clostridium in its reaction towards 
nitrogen. But it is an aerobic bacterium and grows best in the 
presence of abundant oxygen. It can avail itself of a wide choice 
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of carbon food—the simply c<Ristitutc(l <»rganic acids appear to be 
a very suit.abk^ source of carbon. Because of its simpler tastes 
and its n^action towards oxygen Azotohaoter is probably of more 
signifH‘auce in tlu^ sea, as a, nitrog^ai-fixing organism than is 
VloHtridimL Ihit. it. is important to notc^ that between them these 
two microbes can liv<i and grow in a, gn^at variety of conditions. 

Marini' plants, ])la.nkton a,nd the surfaces of the higher animals 
thus aiford a. habita,t. for our two bacteria. Here they hnd their 
carbon food, f<u' th(‘y are resiih'ut in a mass of mucus which affords 
tlie Ui'Ci'Hsary nutrinu'ut. Tluur mineral salts they obtain from 
solution in si‘a water; tlu'ir oxygen anil nitrogen from the same 
sourci'. TIu' association or symbiosis Ix^twcim the marine plants 
and thi' bact.i'ria, is a lu'Ipful one from thc^ point of view of either. 
TIu' wast.i' (*arbonaci‘ons matti'r of tlu^ plants or animals provides 
thi* carbiXi food of th(5 ba(‘,ti*rium, and the nitrite or nitrate 
idaborateil by i.lu‘ bact.ia’ium is a, source of food for the plant. 

Pemtrifying bacteria. If fnmi thi'. point of vicav of the 
i'xpt'rinumtal (‘lu'mist., tht* lixafion of fixu' nitrogt'u is an opm-ation of 
muidi difliiadty so also is tht' n'verse reaetion, the decomposition of 
the ox 3 \gt‘n compotmds of this eh'inc'tit. Y(‘t again wo find that 
just this decomposition can bt* efTecicxl by th(^ activity of bacteria. 
Denitrifying bacim'ia hav(‘ In'cm known to occur on tlui land for 
some considerabh' tinu'j but n<»t until (piite recently were they 
known in tlte sea. Brandt, in 1(S98, predicted their occurrence in 
tiu' latU'r elemcait from t.ht'oretical c<aiHid('rations, and in 1902 
Baur‘‘ thjHcribtHl two spiwies from tlu' Baltic, and almost simultane¬ 
ously Dran**^ (Uwu'ibiHl sevt'ral spc'cic's from th('. North Sea off the 
coasts lb)lland, Ihiurs spi'cit's wtax' BacteriiOfi, lub(ftiUH> and JB, 
acUnopelte; and (Jrans sptTit's wt're B. repem, JL trivutlis and i?. 

Baur made us(‘ of a solution ctmtaining potassium hydrogen 
phosphat(‘, laagm'sium sulphates and carbonakxammoninm sulphate, 
and salt in t.he proportion in whicli this ocjcurs in mi water. He 
inoculated this solutitai with mu<l from the bottom of a marine 

^ Batir, ** Uabiuw.wei dunitritlcendon Bakterien aiiH der OntHce,” }Vm, Meeremmt. 
Kiel Kamm, Bd. vi. Abth. Kial, 1U02. 

3 Gran, “Btudian libw MearoHbakteri<^n. I. Roduktion von Nitraton uud Nitri- 
ton,” IknjenH Mmmma AarbtHj^ No. 10, 1001. 
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aquarium, and in a few days obtained an abundant grpwth of 
bacteria. This mixed culture was then inoculated in a solution 
containing fish-broth, peptone and potassium nitrite. Again an 
abundant bacterial growth formed and ultimately the food .solution 
became quite free from nitrite. Gas was fi-eely evolved and this 
was shewn to be free nitrogen. Baur found that his bacteria 
could grow in an infusion of the sea-weed Fucus and in mussel 
broth. 

Gran found that while some of his species of denitrifying 
bacteria could utilise simple carbonaceous food-stuff’s, others were 
more fastidious and demanded complex materials. He found also 
that his bacteria behaved differently towards nitrogen compounds. 
Some could reduce nitrate to nitrite, and the latter to ammonia, 
and this compound to fi'ee nitrogen. Others again carried on the 
reduction only so far as ammonia. All the species described by 
both investigators were aerobic germs, but some of Gran’s bacteria 
could live and grow in the absence of oxygen. Thus, just as in the 
case of the nitrogen-fixing bacteria, the denitrifying ones can live 
under very varied conditions of nourishment, and this is of groat 
importance, for we never find pure cultures of bacteria in nature, 
but always various species associated together. Now it may often 
happen that the waste products of one species may servi; as the 
food-stuff’s for others. Obviously these symbiosos arc of great 
significance. 

Temperature and denitrification. Thus the denitrifying 
bacteria can reduce nitrates, nitrites, and ammonia and sot free 
elementary nitrogen from these compounds. In a typical culture 
of these organisms the solution after standing for a few days bc^gins 
to froth and evolve gas. This gas is nitrogen. By-and-by this 
frothing ceases and if the culture be then tested for nitrites or 
nitrates it is found that these compounds have entirely diaapi)eared. 
All the combined nitrogen originally present in the culture has besm 
decomposed and the element has been returned to the atmosphere. 
Now the length of time required for the completion of this change 
depends on the temperature; that is the activity of the microbes, 
to which the decomposition of the nitrogen compounds is duel 
varies with the temperature, just of course as we find to be the 
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witih all of bacterial action. The investigation of 

the relation of t(nnpcrature to rapidity of denitrification is of 
the very gn^ati^st importance from our point of view. In a series 
of obHervations on this point Baur obtained the following results: 

For Hacteriiiiii ((ctinopelte in mixed culture. 

(1) lVmpt*ra.ture 25" (1. Denitrification began about 24 hours 
aft.('r ino(‘u!ation and lastiul for a period of time varying from 7 
to 11 days. At. the <uul of this time combined nitrogen had dis- 
appean‘d from the. solution. 

(2) IVmperatun.^ 15"' (1 Denitrification began about 4 days 
aft(‘r inoculation and lastial for about 27 days after which the 
sohition was nitrite-frei‘. 

{ll) T(unperature 4"—5" C. Denitrification began after about 
20 days and after 112 days the reaction was still incomplete, that 
is thi‘. ttibcs still frotluMl shewing that nitrogen was still being 
<‘Volved. 

(4) T(‘mp(‘ratairt; 0" G. During a period of 107 days there 
wert‘ no signs of <h‘nitrification. 

For Hitdenuni lohatuni in mixed culture. 

This bacillus gave V(Ty similar results. It was however able to 
denitrify at a Uunpe.ratun^ of ()*'C. but the amount of nitrogen 
evolved was extremely small. 

Tlie invt‘Htigation of pure cultures of both species gave results 
vmy similar t(» those obtained for mixed cultures. 

Thus tht‘ activity of the denitrifying bacteria investigated so 
far deptuids on the tmupemture. It is greatest at about 25° C. and 
it pradically ceases at the tcmiperature of freezing water. 

Now the rea(d.ions of bacteria are of the very greatest signifi¬ 
cance* in the ciretdation of carbon and nitrogen in nature. 
Ri*suming vtny briefly the statements of this chapter we find that 
then^ an* in the st^a: 

(1) Tlie ordinary putn^factivc bacteria which break down 
<lead proteid matter with the result that the nitrogen of the latter 
is finally tlissipati^d in the form of ammonia. 

(2) The ordinary ftu-mentative bacteria which break down 
carb(>hy<lrates and fats, with the result that the carbon of the fatter 
is dissipated in the form of carbon dioxide, and the hydrogen in 
the form of water. 
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(3) The nitrifying bacteria which are able to oxidise the 
ammonia resulting from putrefactive decomposition; with the result 
that the nitrogen of the latter compound appears as nitrite or 
nitrate. 

(4) The nitrogen-fixing bacteria which can use the elementary 
nitrogen of the atmosphere as a source of food, converting this into 
proteid substance. 

(5) The denitrifying bacteria which reverse the action of the 
nitrogen-fixing bacteria, and reduce nitrate to nitrite, the latter tO' 
ammonia, and ammonia to free nitrogen. 

(6) The remarkable sulphur bacteria, the significance of which 
has not yet been sufiiciently investigated. 

In the next chapter I propose to discuss the effect of these 
various groups of micro-organisms in bringing about the circulation 
of food matter in the sea. 



GIIAPTKR XI1. 


THE (^IRCUTLATION OF NITROGEN. 

(»Hrai<^AL analysis sh(‘ws thal. tln^. aninial and plant body is 
mainly built tip from tin* finir okmmnts, nitrogen, carbon, hydrogen 
and oxygtm. Add(*d to these tluax^, are thti metals, sodium,, 
IKd.assium and inm, and the non-nud/als, chlorine, sulphur and 
])hosphorus. (Jalcium or silicon are also invariably pn‘sent as the 
bas(‘s of calcart'.ous or sili(*eouH skeletons. All thest^, with sonuv 
others, are indispensabh' constitu(ad.s of tlu^ organic body, and in 
an (‘xhaustive study of tln‘ cych^ of matter from tlu^. living to the 
non-living phast's, and vice verm-, wc. should ha.ve to trace the course 
of each, lint wc^ are atamstomed to regard nitrogen as the charac¬ 
teristic constituent of living substance and it will be sufficimit to 
eonsiiler this element alomx 

At any moment there* (exists, on the earth, a certain mass of 
nitrog(ai,combin(*d with other (dcanents, forming the living substance 
of animals and plants. AnotluT fraction of the gas is present in 
the atmosphi^re, in the soil, and in water, in combination with 
other (*lenu*nts in tlu^ form of non-living organic and inorganic 
substanc‘es, which an* either being broken down into simpler 
forms, or anj being built up into living tissues. Yvt a third mass 
is present in tlu* idementary (xmdition in the atmospluu*e. Roughly 
spcxiking tluux* are about 4345 billions of tons of nitrogen in the 
latter form. How mnch is pn^semt in iht*. shape of lifedess orgiinie 
and inorganic compounds we. do not know, and still less have we any 
idea of the mass of nitrogeji which exists in the living tissues of 
animals and plants: certainly it must he only a small fraction of 

18 
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the incredibly great mass that is present in the atmosphere. But 
when we think of the almost infinite numbers of plants and 
animals that have existed on the earth since life first began, it is 
evident that the total quantity of nitrogen which has been 
contained in their tissues must have been inconceivably great. 
But there is no accumulation of this element in the crust of the 
earth, and the composition of the atmosphere has been much the 
same since very remote times. Therefore the nitrogen which is 
now’' present in the bodies of living plants and animals must have 
been transmitted from organism to organism throughout biological 
time. 

Minute portions of organic matter receive their legacies of life, 
and growing, take up nitrogen, and the other constituents of their 
bodies, from the media in which they live. Having lived its 
allotted time the organism dies, and its constituent elements 
return to the dust. Or perhaps it may be devoured by another 
organism and then part of its substance becomes rebuilt up into 
that of the animal which has consumed it. And yet again this 
animal may be the prey of others. Thus there is a transmigration of 
the atoms of the material bodies of organisms through long series 
of animate and inanimate forms. But while there is an ultimate 
Nirvana in the transmigrations of souls, the atoms of nitrogen are 
bound on the wheel of change, and ceaselessly pass through living 
and non-living phases. Imperious Caesar dead and turned to clay 
does not at once fill a crevice in a wall, or stop a bunghole, but 
may have a place in the architecture of humbler creatures. Per¬ 
haps only after many transmutations through living organisms 
may the nitrogen and carbon of the organism reassume the 
inorganic phase. But sometime or other, they return to the 
earth or become dispersed in the sea or air. Dante, in his vision, 
saw the souls of sinners impelled by a furious wind, and it may be 
that the material atoms, the substrata of the souls, are carried far 
and wide in the currents of the atmosphere. 

Even the substance of the body of the individual animal has 
but transitory existence when compared with the normal span of 
life of the organism. The circulation of nitrogen and carbon takes 
place in this manner: certain food-stuffs, proteids, fats and carbo¬ 
hydrates are ingested and are broken down in the alimentary canal 
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into somewhat simpler compounds. The proteids are converted 
into peptones, or other substances; the fats are dissociated; and 
the carbohydrates arc hydrolysed to form sugars. All these 
products of digestion pass through the walls of the alimentary 
canal into tlie blood stream and ultimately reach the cells of the 
bodily tissues. There they become assimilated to form the living 
])rotoplasm, or perhaps they become lodged among the ])articles of 
tlui latter as stored-up food material. This is the constructive meta¬ 
bolism of the animal body. But very soon the lixdng tissue, or its 
included food-materials, a,rc‘, oxidised, that is, buiTied up by the 
inspirc'.d oxygen, or otherwise broken down; and as a result of this 
(h^stj’uctive metaholism, the mechanical energy and psychical charac¬ 
ters, which are the manifestations of the life-activity of the animal, 
are lexhibited. The products of this destructive metabolism again 
pass into the blood stream, and are finally tlirown out from the 
body as waste substances, or excretions. This elimination of the 
])roduct.s of the body takes place in various organs, the lungs 
and kidneys in tlu‘ maimual, from which carbon dioxide, water, and 
some nltrogimous rosidiu.^ such a,s unxi, are discharged; or in 
jinalogoiis structures in the lower animals. Thus life is maintaine<l 
by tlu'. continual death of parts of the tissues of the living body; 
and just as continually the latter arc renewed by the assimilation 
of food materials, which as>suming the organic phase b(‘couu‘ part 
and parcel of the living organism. 

We catmot sjxjak so precisely of the elimination of wastes sub- 
staiux's from the phuit organism. Inhere the eiuugy recpiinutumts 
arc far Uxss than in the case of the animal, and we find that 
coTistructivi^ metabolism is immensel}^ greater, in the plant, than 
dt'structivc', nu^tabolism. Therefore (luring life th(^ mass of aphint 
continually iiuTcasc^s, until, as in the case of gnuit tnas, an (mormons 
bulk of organised sul)stauc(3 is formed. In these cases life (jont.imu's 
throughout centuries and th(‘. body of the plant is always becoming 
greater bcx^ausc^. comparatively little organic matter is being shed. 
In the case of long-lived animals, such as sonuj reptiles, the IxuJy 
ceases to grow after a ccirtain age has been attained, and the mass 
of food assimilated is exactly balanced by the mass of waste sub¬ 
stances eliminated. J^ut there are no d(ifinite excretory organs in 
the plant, and it is only by the removal, from season to season, of 

18—2 
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such things as dead leaves, bark, resins, gums, &c., that excretions 
or waste substances are eliminated. 

Sometime or other in the history of the organism, and in one 
of many forms, the reproductive process begins. Animals form 
eggs or buds, and plants form seeds, buds, &c. A minute portion 
of the living substance—the immortal germ-plasm—is handed 
down in some form or other as the offspring. From the point of 
view of the race the reproductive act is the object of the life of 
the individual, and being completed, death comes as a natural 
consummation; and the lifeless vesture, or body, is given over to 
the forces of dissipation. The bacteria which inhabit the surfaces 
of the body, and which during the life of the organism were 
restrained by the vital activities of the latter, now become irres¬ 
ponsible. Those processes which during life proceeded slowly and 
orderly now go on rapidly, and are quite uncontrolled. Soon the 
dead tissues of the plant or animal become resolved into a few 
simple chemical substances, chiefly mineral dust, water and carbonic 
acid gas. 


Putrefactive decomposition. Apart from the activity of putre¬ 
factive and fermentation bacteria, no change, except the cessation of 
the production of energy, and. the reproduction of new organisms, 
would take place upon the death of an organism. Even the pro- 
teids of the animal body, the most unstable of chemical substance.s, 
would persist unchanged for apparently an indefinite length of 
time. It has been demonstrated that there are unaltered protcids 
and fats in the substance of Egyptian mummies belonging to the 
early prehistoric period (about 4000 B.c.)h In the exceedingly dry 
atmosphere of Egypt, and possibly because of the action of the 
baths of common salt (which was the embalming substance em¬ 
ployed), bacterial action is very largely arrested and putrefaction 
does not occur. Extreme cold also inhibits the activity of pu¬ 
trefactive micro-organisms, and so we have found the bodies of 
mammoths, which probably lived prior to the time when the 


7 .#/,..),I agyptischen Mumienmaterial ” 

? V 2 and 3 Heft, 1907. It has been stated tl.at 

l^moglobm, the colouring matter of the blood, has been recognised- and ILn 

•« .1. I..™. boa, ...M b. laiMed b" 

reactions. This, however, appears to be doubtful. 
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earliest Egyptian mummies were prepared, frozen in the soil of 
Northern Siberia, and with the flesh so ''fresh” that it has been 
eaten by dogs. But these are quite exceptional conditions, and it 
may be stated quite generally that as soon as a ])lant or animal 
dies, the organic substance of its body ivS broken down by the action 
of putrefactive bacteria. 

The preen'se nature and course of putreiactiv(i (l(K*.()m])osition 
under different conditions are not at all thoroughly investigated. 
The decomposition of fats and carbohydrates is howiuau' a com¬ 
paratively sim])le process. Tlu^, former substanc(\s an^ decomposed 
into the glycerine and fatty acids of which tiny an*, made*, up, and 
then each of these products is further brokcui <lowu into simpler 
organic acids, carbon dioxide and wat(‘r. Ultimately these bacterial 
decompositions or fermentations proceed so far tluit tlie whole fit 
or carbohydrate is resolved into the two compounds, water and 
carbon dioxi<l<s with perhaps traces of otlua* gases, sucli as nuddiane. 
In the ease of the proUdds howewer, the ])ro{H‘ss of putndaction 
is much more, complicated, and a multitmk* of highly complex 
chemical substances are (daborated. Among t.h(‘.st* an* albumoses 
and p(‘pLom\s, then ptoimiiiu's and amido-u<dds, mdl-smelling 
substance*s such as iudol, skatol and ])h(‘nol,an<l simpler (‘.ompounds 
like sul})hur(‘tbed hydrogmi, nudham*, ammonia, volatile* amines, 
carbon dioxide^ &c. The precise. e>reler e)f appe^arance*, and pro- 
peuidons of the*se pre>duevts, vary witli the*. extt‘rnal conditions e)f the 
putrefaction. Me)st of tint suhstancuis me*ntione^d an* howeve*r 
unstable, a,nd are se>e>n n*se)lve‘d inte> much simple*.!' <‘.e)mpeHinds. 
There, is little^ or no diffeuH*nee^ bedAvenai the* putn‘fac,tion products 
of the nitrogenous constiUieuts of tlu^ benlie's e)f animals and 
plants, aiid probably no diffe‘nuic.e* at all in the nature* of the 
<k*com))ositi()n of tlieii* fats and carbohydrates. Even the relatively 
I'esistant ce‘llule)He e>f the* pla.nt ultimate'ly is broke*!! down by 
fernuuitation l)acteria as in the*, case*, of the* e^arbediyelrak* of the*, 
animal body. 

It is usually asHume-*d that the cliange*s which kikii place in 
organic mattew un(U*rgoing putre*faction are ehu*. (*!!ti!*ely the 
activity of bacteria. Theu'ei is, of course^ little <loul)t that the 
characteuistic organisins e)f a putndying mass bedottg te) this group 
of micro-organisms. If we allow a small piece of ilesh to stand 
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for several days in some water in a warm place it will be seen that 
the liquid soon becomes turbid, and if we examine it microscopically 
we will find that innumerable bacteria, cocci, and spirilla are 
present. But infusoria will also usually be present and one can 
generally increase the numbers of the latter organisms by adding 
a little sugar to the putrefying liquid. There is a succession 
of organisms in a mass of decomposing sewage: first bacteria, then 
flagellates, infusoria, turbellarian worms, nematodes, oligochaete 
worms, and dipterous larvae. Much of the organic matter of the 
sewnge passes into the air in the form of the bodies of flies, which 
have fed on the other organisms mentioned. 

Modern sanitary science has availed itself of the power of 
decomposing organic matter possessed by bacteria and other 
micro-organisms. In the “septic” or “biological” methods of treat¬ 
ing the sewage of great human communities, the offensive matter 
is broken down by bacterial action. In these installations the 
crude sewage, after being “ screened ” so as to remove the coarser 
solid matters, is led into the septic tanks. There are two types 
of the latter. In one air is excluded from the putrefying sewage, 
and the bacteria which flourish in the tanks are anaerobes, that is, 
species which can live in the absence of oxygen. In the other 
t37pe oxygen is freely admitted. In crude sewage we have a liquid 
which already contains enormous numbers of bacteria (from 6 to 
12 millions per c.c. in London sewage) and which also contains food 
matters for the bacteria in the shape of dissolved and suspended 
organic matters, broken down proteids, fats, carbohydrates, cellulose, 
&c. These food substances are utilised by the micro-organisms, 
both bacteria and infusoria, and the latter multiply and live upon 
the organic matter, which therefore rapidly disappears. Even after 
remaining in the septic tanks for 24 hours there is already a con¬ 
siderable diminution in the proportion of putrescible matters 
present in the sewage. 

Nitrification. Thus a number of substances, unstable and 
capable of further decomposition, are continually being produced 
as the waste substances of the bodies of living organisms. These 
waste substances, or excretory products, reach the drains of human 
communities, or enter the subsoil water, and so pass into lakes or 
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8i»rean)|«?. In tilie 8(*a., or in fresh waters, the waste products of 
organisms a-n* elimina-ted from their bodies into the surrounding 
ini‘diunu Organisms, or parts of such, die and a.re cast off, are 
buri(‘(l, or iw simply d('posit(‘(] upon thii land, and in all kinds of 
eorma’s. All th<\se snbsta-nces Ix^gin to undergo piitretactive 
d(‘composit,ion if (as is usually tlu‘ eastO the conditions are favour- 
ahlo. Souu^ of th(‘ ])roduets of this breaking-dovvn, water and 
carbon dioxi(l(\an‘ stabh‘ a,nd und(‘rgo no further changes. Others 
howt‘V{*r a-n* still unstable. Such an‘ the numerous products of 
tbi‘ putndac.t.iv(‘ de(*om]K)sition of animal and plant proteids. 
(bnsidering only tJu' changes that take plact‘ upon the land we 
may say iba,t tlu‘ wat.er of rivers and stnxuns and that of the sub¬ 
soil, {‘ontains a c<*rt.ain pro])ori.ion of th(‘ products of nitrogenous 
putndaction*^-which ont‘ may loosidy term “organic matter.” 

I'his organic matt(T is now furtlua* acti'd upon by the nitrogen 
ba(‘!'eria. Altogctluu’ a, host, of nitrog(‘nous substances are produced 
from proteids an<l allitMl substance's iii llu^ cours(' of putrefactive 
<h*composit.ion. All tlu'st* ha.v(‘ tlu^ same fate, that of further 
br(‘aking“down by micro-orga.nisms, sonu' of which carry on the 
res(>lution of a.mido“Subst.a,nc(‘s as fa,r as t.he stage of ammonia, 
whili‘ ot.lu'r bact.(‘ria, in t.lu' pn'si'iicc' of abunda.nt oxygen, oxi<lise 
this ammonia, to form nitrons a,nd tlaui nit.ric acids. 

In t.he proci'ss of t.lu* s<‘pti<‘- purification of st*wage th(‘. crude 
li(pu<l is first, (d' all t.n'att'd in t.h(‘ optui or elosc^d tanks, and a 
part-iaj de(U)m[)osit.ion of tlu' protib! a,n(l otluT organic mattcu' 
tak(‘S place. The efHiuuit wliicb issues from these tanks is a 
H(juid, which although not inodorous is far h‘ss offensive than the 
crud(‘ sewagix Hut if incubatt'il at a t.empi'rature of ikS ’ 0. it will 
still put.refy, slu'wiug that orgu.nic matU'r is still prc'sent. The 
Hi'pt.ii* tank tdlhu'ut. is tlu'nd’on' hsl into t.lu' “contact beds,” which 
art' largt' rectangular, shallow pit.s, filU'd with coke, clinkt'r, gravel, 

otlu*r porous filtt'ring materials. These' filter beds are flooded 
with tln‘ t'fllui'nt, un<l t.he !a.ttt‘r is then allowtHl to stand for 
a ctabain ptulod, 2b hours or more. If the contact beds arc 
carefully con.struetisl, and if tlu‘ process is carefully and gitelli- 
gently <iirt‘<‘,k‘d (wbitrh is not always th<‘ case), the effluent which 
results is a ch'a,r liipiid, which ctmtains vmy much less organic 
matk'r than th<‘ si*ptic, tank effluent, which does not smell, and 
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which, if incubated at 38° 0. does not putrefy. The putnescible 
substances originally present have been further 
the activity of the nitrifying bacteria, with the result that much ot 
their nitrogen is converted into nitrous and nitric acids, their carbon 
and hydrogen passing into the forms of carbon dioxide and water. 
In this process of purification much oxygen is absorbed. The 
process is intermittent, each contact bed being filled with ^ the 
effluent, and then emptied and allowed to remain so for some time. 
The filtering material remains covered by a scum of matter 
containing the bacteria, but every time the bed is emptied of 
liquid, air enters and fills up its interstices. It is the oxygen of 
this air which is utilised in the oxidation of the nitrogenous 
organic matterh It is of course absorbed during the nitrification 
of the organic matter, but since the bed is used intermittently, 
the filtering material is enabled to renew its stock of oxygen in 
the intervals of its work. 

Denitrification. The process of resolution of organic inattcr 
does not end even with this conversion of proteid, or the metabolic 
products of the latter, into nitrous and nitric acids. The reader 
will remember that bacteria are to be found, widely distributexi 
both on the land and in the sea, which have the power of reducing 
nitric to nitrous acid, the latter to ammonia, and ammonia to 
free nitrogen. Now there is reason to believe that such denitrify¬ 
ing bacteria play a very significant part in the circulation of 
nitrogen in nature. If the processes taking place in the sewage 
purification tanks and contact beds be minutely studied it will be 
found that there is sometimes an actual disappearance of nitrogen 
from the effluent. If it were the case that all the organic mattem 
were decomposed so that its nitrogen were oxidised to nitrous and 
nitric acids then we should expect to find just as much of this 
element in the final effluent as was present in the crude sewage. 
The form of combination only would be changed. But this is not 
always the case. Letts ^ has shewn that such an actual dis- 

p 

See Letts, Hept, Royal Commission on Sewage Disposal, Bept. 3, Vol. n. 
(Cd. 1487, 1903). Other sections of this report also contain much information on 
the question of the purification of sewage matters. 

2 Ibid. 
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appearsi,nce of nitrogen may take place and we can explain this 
fact only by assuming that the gas is dispersed into the atmo¬ 
sphere, the compounds containing it being completely broken down 
by the denitrifying bacteria that are present in the sewage 
eflSiuents. 

Drainage of nitrogen from land to sea. Thus the substance 
that constitutes the living materials of the animal and plant 
organism is sometime or other resolved into simple inorganic 
compounds, or even into its chemical elements. In the active, 
rapidly metabolising animal this change is continually taking 
place, all the more quickly the smaller the organism is. In the 
sedentary plant the process is much slower but a certain amount 
of decomposition of organic matter takes place there also. Then 
when the animal or plant body dies the dispersive process takes 
place more rapidly. If denitrification occurs then the greater 
part of the body may be resolved into the intangible gases, 
nitrogen, carbon dioxide and water vapour, and may vanish into 
“thin air” just as completely as if the tissues of the organisms 
had been consumed by fire. All that would be left would be the 
mineral constituents of the skeleton, the lime or silica, which 
composed the bones or shells. Even these would ultimately be 
dispersed through nature. Perhaps a similitude of the skeleton of 
the animal might be preserved as a fossil; perhaps as an impression 
on the strata among which it becomes embedded. But even here, 
the material of the fossil would be entirely different from that 
which constituted the dead body. And there is no doxibt that 
only an insignificant fraction of the animals and plants that have 
existed on the earth has persisted in the fossil form. Of the 
water and carbon dioxide which result from decomposition processes, 
some part escapes into the atmosphere, and another part enters 
the soil and is washed down by rain into streams and water-courses. 
So also with the nitrogen, and the nitrous and nitric acids: some 
part escapes into the air as the elementary gas. We cannot trace 
the further history of this portion which is “ imprisoned in the 
viewless winds, and blown with restless violence round about the 
pendant world.” But some of these substances enter the rivers 
and ultimately are carried down into the sea. 
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Not all the products of nitrogenous decomposition which enter 
the subsoil water or rivers reach the sea. On the land there are 
plants, and microscopic organisms feeding like plants, and these 
utilise some of the carbon dioxide, and nitrites and nitrates, as 
food-stuffs. So also with regard to the rivers and lakes into which 
land drainage enters. A certain fraction of the waste substances 
produced upon the land is thus almost immediately again made 
use of by terrestrial and fresh-water organisms, but a considerable 
quantity does also reach the sea. 

How great is this quantity ? Obviously we can only estimate 
its mass in an approximate degree. But we know what is about 
the volume of water conveyed annually to the sea by the great 
rivers of the earth; and we know, in some cases, what is the 
approximate quantity of nitrogen compounds contained in the 
unit volume of the water of some rivers; and therefore we can 
calculate the approximate mass of nitrogen which drains from the 
land into the sea. The Rhine discharges annually some 65,336 
millions of cubic metres of water into the North Sea, and one litre 
of this water contains, on the average, from 2 to 3 milligrammes 
of nitrogen in the form of dissolved compounds^. Taking the 
lower estimate we find that the Rhine alone carries 130 millions of 
kilogrammes of nitrogen annually into the North Sea. If we take 
the volume of all the other rivers entering this area as double that 
of the Rhine we find that every year about 390 millions of 
kilogrammes, or 383,000 tons of nitrogen are added to the North 
Sea. Probably the volume of water carried down to the sea 
from all the rivers of the world is not less than about 300 times 
that of the Rhine. If we take it as such we find that every year 
some 39 hillions of grammes of nitrogen, or ahoiit 38 millions of 
tons, are added to the oceans of the earth. 

This dissolved material entering the sea is at once dispersed 
by the action of tides, winds and currents. The water near the 
land ought to contain a greater proportion of these products of 
land drainage than is found in truly oceanic areas. Nevertheless 
it is idifiicult to demonstrate by actual analysis that this is really 

^ See Brandt, “ Stoffweclasel im Meeres,” Wiss. Meeresuntersucli. Kiel Komm. 
Bd. IV. p, 230,1899. The estimate is founded on Boussingault’s and Hoppe-Seyler’s 
analyses. Brandt gives the references to the latter work. 
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the case. We know of course that the coastal waters are less salt 
than those further out at sea, the cause of this lower salinity 
being that the sea there receives a large addition of fresh water. 
These coastal waters then ought to contain more dissolved 
nitrogen, and there is no doubt that this could be demonstrated if 
it were not the case that these compounds are utilised almost as 
rapidly as they are added to the sea. 

Utilisation of land drainage by marine organisms. "All 
round the coast there is, in the littoral and laminarian zones, a 
selvedge of plant life, in the form of the larger sea-weeds. Below 
a depth of about 20 fathoms or so these larger algae begin to thin 
out, and in relatively deep water, even while still within the limits 
of the continental shelf, they practically cease to exist. On the 
shallow sea bottom near the land other plant life is also relatively 
abundant. There are immense numbers of diatoms living in the 
sand and mud near low water mark; and the algae there are some¬ 
times also covered with deposits of these organisms. Pelagic proto- 
phyta, diatoms, peridinians, &c., are also more abundant in the 
shallow water near the shore. We also find that the invertebrate 
and fish life is more abundant in this region. Now it is evident 
that the greater density of plant life near the land is directly due 
to the fact that there is a greater amount of the ultimate food 
materials, nitrogen compounds and carbon dioxide, there, than far 
away from the land. These plant organisms use the substances 
mentioned as food-stuffs, building up starch and proteid from the 
carbonic acid and nitrogenous drainage of the land. Probably very 
little, or perhaps none, of this ever reaches the central oceanic 
areas. These sea-regions are, no doubt, self-supporting, that is, 
the inorganic food-stuffs of the plants there are derived from the 
decomposition of the dead bodies of the organisms inhabiting 
these areas. 

With this conversion of the nitrogenous land drainage into 
plant substance, the upward or constructive metabolism of this 
matter may be, for a time at least, arrested. If all the alg^e, or 
protophyta, which feed upon the waste substances washed down 
from the land were eaten by animals, then the nitrogen, which we 
have traced from the land down into the sea, would pass by such 
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transmutations into higher forms of life—into other re-incaiTj^ations. 
But the larger sea-weeds are not eaten to a great extent by- 
animals. Fishes, molluscs, and some other marine animals browse 
upon them, and man does indeed eat certain succulent algae. But 
the amount of the larger sea weeds thus disposed of is inconsider¬ 
able and there is no doubt that an immense quantity of marine 
algae, directly nourished upon the nitrogen washed down from the 
land, is not utilised by animals but simply dies and putrefies, some¬ 
times on a very large scale. On the shores of Belfast Lough, for 
instance, there grow immense quantities of the sea-lettuce (Ulva 
latissima), which are nourished upon the luxuriant food materials 
afforded by the sewage of Belfast. Purification of this sewage by 
the septic methods is quite useless, so far as the avoidance of the 
nuisance is concerned, for the Uha appears to prefer the nitrates 
of the septic effluent to the organic matter or ammonia of the 
crude sewage^ There are no animals which utilise the sea-weed 
as food and the result is that great masses of the Ulva are simply 
washed ashore to die and putrefy, becoming a serious nuisance, and 
even a danger to health. 

Therefore when the nitrogenous drainage from the land is 
utilised by the larger sea-weeds its further organic progress may be 
interrupted, the element again passing into the inorganic phase. 
So also with a certain proportion of the diatoms and other proto- 
phyta which have utilised this dissolved food-stuff. There is no 
doubt that vast quantities of these organisms must die and fall to 
the sea bottom, there to putrefy. This must happen in the 
Antarctic Ocean, where there is an immense accumulation of deep 
sea ooze formed predominantly from the dead shells of diatoms. 
We must remember that at the bottoms of deep seas the tempera¬ 
ture of the water is very low, and that bacterial action, and 
therefore putrefaction, may proceed very slowly. It inay bo the 
case then that a large proportion of the organic substance of the 
diatoms falling to the sea bottom is utilised as food by the abyssal 
animals living there. We must recognise however that some at 
least-of the organic plant substance built up from the nitrites and 
nitrates washed down from the land, at once undergoes putrefaction, 


^ See Letts, loc. cit. 
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with the result that precisely the same nitrogenous wasfce substances 
are again formed. 

Another fraction of the nitrogen compounds entering the sea 
begins an upward series of transformations. A small proportion of 
the larger sea-weeds which utilise these substances is, as we have 
seen, eaten by marine animals; and another, and much larger, 
proportion of the protophyta consuming these same things becomes 
the food of innumerable creatures. I have already stated that 
there is evidence that many marine invertebrates feed upon the 
dissolved carbon compounds present in sea water, and it is 
probably the case that these animals also utilise, as sources of food, 
some of the dissolved nitrogen compounds (though perhaps much 
less of these than of the carbon food-stuffs). But it is also the case 
that many molluscs, other invertebrates, and even fishes habitually 
feed upon diatoms. At once then some of this nitrogen utilised by 
the protophyta returns to the land, for the fiLshermen catch the 
cockles, mussels and oysters, and the mullets and sardines which 
have eaten the diatoms. Yet again we find that the ubiquitous 
copepods feed upon the peridinians and other holophytic and myxo- 
trophic protozoa, and a great host of ma.rine animals feed upon the 
copepods. Thus the herrings, mackerel, shads, pilchards, sprats, 
and other fishes habitually eat the copepods and smaller Crustacea, 
and these fishes are caught for the public markets, the herrings, 
mackerel, shads and pilchards to be used directly as human food, 
and the sprats to be made into sardines and anchovy paste. Again 
many fishes eat the diatom-feeding molluscs, thus the plaice and 
flounder do so to a very great extent, and other fishes also make 
use of molluscs as occasional food animals. Plaice and flounders 
are then caught and taken ashore as human food. Many other 
fishes in their juvenile phases eat the diatoms and other protophyta, 
and though the fishermen do not intentionally catch these little 
fishes, the latter are still necessary if we are to have big ones. 

Further many large fishes like the whiting, turbot, skate, ray 
and cod eat smaller fishes, or eat invertebrata, and if we examine 
the food of these latter animals we will find that it is ^ther 
smaller fishes which eat the protophyta directly, or it consists of 
molluscs, or other invertebrata, which directly or indirectly also 
utilise the diatoms, peridinians, and their congeners as sources of 



286 THE CIRCULATION OF NITROGEN [PART HI 

food. So we can easily construct series of animals each of -^hich is 
the food of the one higher in the series. Thus 

Diatoms—cockles—flounders—> man; 

Diatoms—oysters—?-man; 

Peridinians—^ copepods—sprats—>- whiting—>* cod man; 

and so on. 

Thus the nitrogen compounds which are produced on the land 
from the putrefactive decomposition of the dead bodies of animals 
and plants or the excretions of the animals, are washed down into 
the sea; and a fraction of the total mass of nitrogen so transported 
may again return to the land in the form of the bodies of useful 
marine animals which have fed, directly or indirectly, upon this 
nitrogenous drainage substance. 

Production by marine plants. The plants are the inter¬ 
mediaries between the inorganic food salts of the sea and the 
organic proteid, fat, and carbohydrate which, form the food-stuffs of 
the higher animals. Let us imagine that in an enclosed sea-area 
into which land drainage percolates, plant life were suddenly to 
cease to exist. It is almost certain that animal life would also 
become extinct in such a case. Two conditions would produce 
this result: (1) the constant addition of salts of nitrous and nitric 
acids and ammonia would by-and-by render the water poisonous 
to animals; and (2) there would be no production of organic from 
inorganic materials. Possibly a certain small proportion of the 
latter substances would be utilised by some of the lower invortc- 
brata; but it would only be the nitrogenous compounds of the type 
of urea or extractive substances that could so be utilised by 
saprozoic animals; and there is no evidence that nitrates or 
ammonia salts could be used as food. The animals would feed 
upon each other, of course, but among them there would be a 
number such as the mollusca, or smaller Crustacea, which are 
accustomed to eat the protophyta. With the extinction of the 
latter the lower invertebrata would miss their accustomed food, 
would cease to multiply, and would finally become extinct, their 
disappearance being hastened by the ravages of the larger predatory 
animals, such as the fishes. The latter would be the last survivors 
in our microcosmos, and in time, their food also disappearing, they 
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too would die out. There would be a continual resolution of the 
organic substance of the animal body into carbon dioxide, water, 
and inorganic nitrogen salts, but these substances could no longer 
be utilised. For a time bacterial life would find all the conditions 
of well-being. Putrefactive micro-organisms would flourish on the 
dead bodies of the animals that had died of starvation; and then the 
nitrifying bacteria would attack the decomposition products of the 
putrefying proteids. But this process of nitrification would tend 
towards the final disappearance of all trace of organic nitrogenous 
substance, and since the bacteria require these, or the less highly 
oxidised nitrogen compounds, as sources of energy, they too would 
cease to find their conditions of life and would also cease to exist. 
Even those micro-organisms which are able to reduce nitrous and 
nitric acids to free nitrogen require some carbon compound, other 
than carbon dioxide, as a source of food; and since all such substance 
would gradually become oxidised to the latter compound, the 
nitrifying bacteria too would apparently suffer extinction. So far 
as we can see the complete disappearance of plant life from such a 
sea-area would result in its utter sterility. 

If, in an enclosed sea-area, the addition of nitrogenous and 
carbonaceous drainage from the land was suddenly to cease plant 
and animal life would nevertheless continue indefinitely. For such 
an area of water would be self-supporting, the animals feeding 
ultimately upon the plants, and the plants utilising as food-stuffs 
the excretory products of the animals. Possibly there would be 
denitrifying bacteria present in this sea-area, and one might 
conclude that the effect of the activity of these organisms would 
be gradually to reduce the amount of available nitrogen compounds 
present in the water, by reducing the inorganic forms of these to 
free nitrogen, which would be given off to the atmosphere. But, 
supposing that no addition of nitrites, nitrates or ammonia salts 
occurs, then it is probable that a struggle for existence, that is for 
these food salts, would arise between the protophyta and denitrify¬ 
ing organisms, and the effect of the latter would be minimised. 
From what we know of the conditions of life in the sea, it appears 
reasonable to suppose that nitrogen-fixing bacteria wmuld also be 
present. These would fix free nitrogen from the solution of the 
latter gas in the water, combining the element with oxygen so 
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that it could be utilised by the plants. As the nitrogen in solution 
in the water became used up more would be dissolved from the 
atmosphere. Therefore the denitrifying and nitrogen-fixing 
bacteria would balance each other. 

One can demonstrate this on a small scale by setting up a sea 
water aquarium. A capacious but rather shallow tank or jar may 
be filled with sea water and stocked by some marine animals. 
Sea anemones, fishes like the butter fish {GeutTOuotus\ limpets, 
small shore crabs, small plaice or flounders (but not dabs), shrimps, 
and other marine animals live well in such small aquaria. Some 
kind of alga should be introduced, but usually the water contains 
the zoospores of such and it may be found that algae will spring 
up in the tank even if not intentionally introduced. An air 
circulation should be set up, not so much with the object of 
supplying oxygen as for keeping the water in movement. If such 
an aquarium be successfully established a balance between the 
animal and plant life will be struck. If too many animals be 
introduced at first some of these may die, and, if unnoticed, may 
poison the water by forming objectionable putrefactive products. 
But in a successful experiment the waste products of the one 
category of organisms will provide the food-stuffs for the other. 
The carbon dioxide exhaled by the animals will be assimilated 
by the plants, and the oxygen given off by the latter will be inspired 
by the animals. The nitrogenous excretions of the animals will be 
nitrified by the bacteria present, and the products of these re¬ 
actions will afford the food-materials utilised by the plants. A 
condition of equilibrium, varying from season to season will be 
established, and the tank will, become a self-supporting sea-area 
on a small scale. 

Transfer of nitrogen from sea to land. Thus inorganic 
compounds of nitrogen are formed on the land as the result of the 
activity of micro-organisms, which break down the excretory 
products of organisms, or the dead bodies of the latter. These 
inorganic nitrogen compounds are washed down into the sea as 
sewage matters and land drainage. There a certain quantity is 
utilised as food by plants, which again are utilised as food by 
animals. A certain quantity of the latter are caught by fishermen 
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and taken ashore. A certain fraction of the nitrogen entering the 
sea from the land is therefore returned to it in the shape of 
economic marine products. How great is tjiis fraction ? 

In any attempt to answer this question we become bogged in 
a statistical quagmire. I am conscious of our inability to give 
very approximate figures. But one must make what use is possible 
of existing data. In 1899 Ehrenbaurn^ made the first reliable 
estimate of the productivity of the North Sea fishing grounds, and 
considering all the data then accessible came to the conclusion 
that about 875 millions of kilogrammes of fish' were landed 
annually from this area. 

Now since the beginning of the International Fishery Investi¬ 
gations we are in possession of rather more accurate statistical 
information and I have already given (in Chap. IX.) an estimate 
of the approximate value of the North European sea-fisheries. In 
the year 1904 the total weight of fish landed from the North Sea 
was not less than 967 millions of kilogrammes, and that taken 
from the fishing grounds of Northern Europe was not less than 
1571 millions of kilogrammes. It has been estimated that one 
kilo, of fish contains, on the average, about 119 grammes of 
proteid, and this latter quantity (basing the calculation on Play¬ 
fair’s empirical formula for proteid) contains about 19 grammes of 
nitrogen. Therefore the North Sea, in 1904, supplied to the land 
about 18 millions of kilos, of nitrogen; and the wider fishing area 
about 29 millions of kilos. Putting the same values in English 
units, the North Sea supplied about 18,000 tons of nitrogen; and 
the whole North European fishing area about 28,000 tons. 

I would repeat the caution so frequently expressed in these 
pages, that the fishery statistics arc not at all accurately collected ; 
and that such figures as I give here can only be regarded as 
approximations to the truth. But it is generally admitted that 
the fishery statistics really underestimate the mass of economic 
animals taken from the sea. Probably then the above estimates 
are minimal ones. Probably also, a certain mass (how great we 
we do not know) of organic matter is taken from the sea, smd is 
not even indicated in the fishery statistics. Considerable quanti¬ 
ties of sea-weed are taken from the shore and put upon the land 
^ Mittheihingen deutschen seejischerei Verein, Bd. xv. 181)9. 
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as manure; and fairly large quantities of starfishes^ are also so 
taken. Storms and high tides must strand considerable masses of 
sea-weed, &c. which rots and decays. If, taking these circum¬ 
stances into account, we estimate the annual depletion of the 
North Sea as about 25 millions of kilogrammes of nitrogen, I think 
the estimate might be an approximate one. To put it at 30 
millions would probably be too high. 

Again any figures that may be given for the addition ot nitiogen 
compounds to the sea can only be roughly approximate ones. We 
cannot say, with much accuracy, what volume of fi’esh watei enters 
the sea via the great rivers, though just such estimates are 
frequently made use of by the geologists. Neither can we claim 
very great accuracy for the determinations that have been made 
of the amount of dissolved nitrogen compounds in river water; 
though again it may be observed that these estimates are ot 
corresponding value to those of the amount of suspended mineral 
matter, or dissolved saline matter, carried down to the sea in the 
rivers. Such data have been made use of in attempting to 
estimate the rate of detrition of the land, or the age of the crust 
of the earth, and, so far as I know, are generally accepted I Perhaps 
we may safely assign certain limiting values for the addition of 
nitrogen to the North Sea; and the annual amount of 390 
millions of kilogrammes appears to me to be such a limiting value. 
For not only are nitrogen compounds carried down to the sea in 
solution in river water, but they are also precipitated upon the 
surface from the atmosphere. Every flash of lightning, or other 
electric discharge in the air, causes some of the elementary nitrogen 
and oxygen to combine, forming oxides of nitrogen, which is 
carried down to the sea, as nitrous and nitric acids, in the rainfall. 
Unfortunately it is impossible to estimate the amount of nitrogen 
fixation that takes place in this manner^. Then we have seen 
that bacteria are present in the sea which possess the power of 

^ In some parts of England £1 per ton is paid for this produce. 

2 See Appendix, Palaeochemistry of the primitive ocean. 

3 -The amount of nitrogen in the form of nitrates, nitrites and ammonia that in 
annually added to the land from the atmosphere has been variously estimated. 
According to the results of the Eothamsted experiments about 4*4 lbs. are annually 
deposited by rain on each acre of land. “Rain’’ includes snow, hail and dew. 
Other and different estimates have, however, been made. 
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combining elementary nitrogen with other elements to form 
proteid. Of the two known genera Clostridium is anaerobic, while 
Azotohacter is aerobic. Between them they can make nse of a 
variety of carbonaceous food-materials. They appear to be widely 
distributed, and their life-conditions are such as, apparently, enable 
them to carry on the nitrogen-fixing function under diverse 
circumstances. The elementary gas is present in solution in sea 
water, and as fast as it is taken out of solution more can be 
dissolved from the atmosphere. We cannot, of course, attempt any 
estimate of the mass of nitrogen compounds thus added annually 
to the sea; but it is evident that it cannot be neglected. 

Let us take 30 millions of kilogrammes as the mass of nitrogen 
that is annually taken from the North Sea. Probably this is a 
maximum estimate, being greater than the actual mass. Again 
let us take 390 millions of kilos, as the mass of nitrogen that 
is annually added to the North Sea. Probably this is a minimum 
estimate, being less than the mass really added. Therefore we 
find that:— 

(1) About 30 millions of kilos, of nitrogen at the most are 
annually taken from the North Sea, whereas 

(2) About 390 millions of kilos, of nitrogen, at the least, are 
annually added to the North Sea. So that, even if we make every 
allowance for errors in the deduction of these estimates, it is still 
apparently the case that much more nitrogen, in a form easily 
assimilable by plants, is added to this area than is taken from it. 
Probably ten times as much combined nitrogen enters the area 
than is taken from it. W^hat becomes of the excess ? 

Destruction of nitrogen compounds in the sea. The North 
Sea is, of course, in open communication with the Atlantic and 
Norwegian Seas, and much of the nitrogen compounds which enter 
it may be widely dispersed throughout the larger area. But this, 
obviously, does not afford any explanation, for the reverse is also 
the case, many of the food-fishes captured in the North Sea being 
migratory animals that enter it from without. Plankton also^may 
be transported into the smaller sea. And we must remember that 
the same influx of nitrogen compounds goes on all round the shores 
of the Atlantic. Of course the length of coast-line bears a smaller 

19—2 
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proportion to tho surface of the Atlantic, than does the North 
Sea coast-line to the surface of that water mass. But we ought 
also to consider the catchment area of the rivers as well as the 
relations between ocean surface and coast-line. Apparently these 
considerations do not help towards a solution of our question. 
We know that many other substances enter the sea in greater 
amount than are taken from it. Salt is carried down to the sea 
in the rivers, bat then salt is probably taken from the sea in the 
evaporated water vapour. Silica and lime are also added to the 
sea, but both substances are accumulated there: silica in the form 
of diatom ooze, sponge spicules, flints, and radiolarian ooze; and 
lime in the form of calcareous oozes, coral reefs, shelly sands and 
gravels, nullipore formations, &c. Potassium and phosphoric acid 
are also added, but the former element accumulates at the sea 
bottom as glauconite, while phosphoric acid accumulates in the 
form of phosphatic nodules. Magnesium, manganese, iron, &c. 
are also added to the sea but all these elements accumulate 
there in certain forms. No permanent deposits of nitrogenous 
materials are however known to occur, or to have occurred, in the 
sea bottom deposits. There are no insoluble inorganic nitrogen 
salts, and the insoluble organic nitrogenous substances that we do 
know cannot resist bacterial activity. There are deposits of 
nitrates on the land—the S. American beds of Chili saltpetre for 
instance, and the potassium nitrate accumulations elsewhere. But 
these substances can only accumulate in hot and dry climates. 
Their permanent disposition in the ocean is obviously an impossi¬ 
bility. 

It has indeed been suggested that organic matter is being laid 
down at the sea bottom, forming a stratum that may at some 
future time become available for the nutriment of terrestrial 
plants. One can hardly say that this is not possible, for organic 
remains must sink to the bottom of the deep seas, and at the very 
low temperature which prevails there bacterial activity, and conse¬ 
quently putrefactive decomposition, may be practically arrested so 
that-nitrogenous matters may accumulate. Nevertheless there is 
no direct evidence in favour of this purely d priori hypothesis. 
Natterer^ again revived, in 1894, an older view of Schldssing to the 
^ Denkschr. Akad. Wien, Bd. mi. 1894. 
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cftect that nitrogen compounds were given off from the sea to the 
atmosphere. He shewed that animal metabolism led to an 
apparent predominance of ammonia salts in the sea, and nitrates 
upon the land. In some way or other ammonia was volatilised 
from the sea into the atmosphere. It is true that ammonia, if 
present in solution in the sea in considerable proportion, would be 
given off, to some extent, to the air. But it is present in such 
minute proportions that we must regard this as improbable. 
Again carbon dioxide also results from the metabolism of marine 
animals, and we should expect that the free ammonia in the sea 
water would be neutralised by it, forming a carbonate of ammonium 
which would not be a volatile substance. Altogether Natterer’s 
hypothesis appears to bo an improbable one. 

Denitrification in the sea. There remains therefore the 
hypothesis that the excess of nitrogen compounds in the sea 
is de-stroyed by bacterial activity, the nitrogen being returned to 
the atmosphere as the elementary gas. This was first suggested 
by Brandt^ in 1899 before it was definitely known that denitrifying 
micro-organisms existed in the sea. It was obviously impossible 
to suppose that a greater mass of such salts as nitrates of calcium, 
sodium or potassium could be added to the sea than was taken 
from it. ()th(‘.rwis<.^ the sea water would in the course of time 
b(K:ome so surcharged with these substances as to form a medium 
in which it is impossible that animals could live. Then it was 
known that bacteria capable of converting nitric into nitrous acid, 
nitrous acid into ammonia, and the latter compound into free 
nitrogen, exist(‘d upon the land. We have seen that Baur and 
(Jran W(U‘e able to isolate allied bacteria, capable of carrying out 
the same n^actions, from sea water. Here then was a very probable 
explanation of the disappearance of the excess of nitrogen 
compounds carried down from the land to the ocean. These 
substances are reduced by micro-organisms, so that their nitrogen 
1 ‘oappears as the free elementary gas. This diffuses into the sea 
water, and from the latter it is given oflt' to the atmosphere. ^ 

Density of marine life and temperature. The presence of 
bacteria possessing this power of reducing the nitrogen compounds 
^ Htiiffweclml Im Meerenj 1890, loc. cit. 
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suggested to Brandt a possible explanation for the apparently 
paradoxical distribution of life in the warm and cold seas. I have 
already stated the evidence in favour of the belief that the colder 
seas of the temperate and frigid zones are not less rich in life than 
the warmer seas of the subtropical and tropical regions. Putting 
this fact of distribution in such a way as to avoid any straining or 
exaggeration of the case, we may say that on the land, the density 
of life, particularly plant life, decreases very greatly as we pass 
from the equator towards the poles, so that while there is a 
luxuriant vegetation in the tropical and subtropical regions, there is 
but little plant life on the polar land, even where the latter is not 
covered with snow or ice. But this decrease in plant and animal 
life does not take place in the sea as we proceed north or south 
from the equator. Indeed the opposite appears to be the case. 

If it is the case that denitrifying bacteria are universally 
present in the sea, and if the activity of these organisms is not 
exactly compensated by the activity of equally ubiquitous nitrogen¬ 
fixing bacteria, then it seems reasonable to suppose that a greater 
amount of destruction of nitrogen salts will take place in the 
warmer than in the colder seas. For it is clear that the activity 
of denitrifying bacteria increases with the temperature. In the 
tropical and subtropical sea-areas these micro-organisms are very 
active and a considerable mass of nitrates, nitrites, and ammonia 
must be reduced to elementary nitrogen. But in the cold polar 
and temperate seas the activity of these bacteria must be greatly 
restricted, or even arrested entirely, by the low temperature of 
the water, and not nearly so much of the nitrogen salts will be 
destroyed. Therefore the warmer sea-areas must be much less 
rich in the nitrogenous food-salts, which are necessary for the 
nutrition of the plants, than are the colder waters. To that extent 
then there must be a lesser production of organic substance in 
the equatorial, than in the polar sea-areas. 

While discussing such problems as these one is impressed with 
the enormous gaps in our knowledge of the conditions of life in 
the sea. It is quite evident that Brandt’s hypothesis cannot be 
the only one capable of explaining, provisionally at least, the facts 
of distribution indicated above. Whatever explanations may be 
given must take account of the distribution of the food-stuffs of 
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marine plants by oceanic currents, or of the manner of utilisation 
of these under different physical conditions. We must remember 
that animal and plant life is more luxuriant in the warmer land 
regions than in the colder ones. There must therefore be a greater 
drainage into the sea of the products of decomposition and 
metabolism from^the tropical and temperate land areas than from 
those in the polar regions. If we could shew that a large propor¬ 
tion of this material, originating on the land in the warmer 
countries, were transported by oceanic currents into the seas of the 
colder regions then it might be possible to account for the wealth 
of life in the latter areas, without assuming the activity of 
denitrifying bacteria. An hypothesis of such a nature has 
recently been formulated by Nathansohn^. It is known that there 
are considerable vertical movements of the water of the oceans, 
that is currents may well up from the sea bottom, and conversely 
the water of the surface layers may fall down to the bottom, as for 
instance, when it becomes strongly cooled and sinks by convection. 
Again, we have seen that planktonic organisms living near the 
surface of the sea die and their bodies fall to the bottom, there 
slowly to putrefy. Therefore there must be a greater proportion of 
inorganic nitrogen compounds and carbon dioxide in these bottom 
waters than at the surface ; and by the continual precipitation of 
dead organic matter to the bottom, the surface layers must become 
impoverished of their dissolved nitrogen food-salts. The latter, 
and carbon dioxide, cannot be utilised at the sea bottom to a 
great extent because plant life is scarce, or absent there, owing to 
the deficiency, or complete absence, of light. ISTow if an upward 
current of water transports these food materials from the bottom to 
the surface, the waters of the latter layers at once become enriched 
and there will arise an increase in the production of plants. 
ISTathansohn shews that such upwelling of bottom water occurs in 
many parts of the sea, and that wherever it does occur there is 
an increased abundance of plant life. Obviously this upwelling 
bottom water will be colder than that normally present at the 
surface of the sea into which it emerges. Nathansohn works out 

^ “liber die Bedeutung vertikaler Wasserbewegungen f. d. Produktion des 
Planktons,” Ahhandl. Math,-Phys. Klasse kdnigl. Sachs. Gesell. Wissemchaft. 
Leipzig, Bd. xxix. 1906. 
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these ideas, and by means of them accounts not only fpr the 
greater luxuriance of plant life in the cold seas, but also for the 
occurrence of the well-known maximum of plant production m 
the sea during the spring months. 

There is still another explanation of the anomalous distribution 
of plant life in the warm and cold seas. The reader will remember 
that Ptitter^ shewed that both animal and plant metabolism is 
much more intense in warm than in cold sea w^ater. With in¬ 
creasing temperature the rapidity of respiration of a cold-blooded 
animal also increases, and it uses up more oxygen, and gives off 
more carbon dioxide. With increasing intensity of respiration there 
is an increase in the general metabolism of the organism, so that 
the same animal uses a greater mass of food-stuffs per hour when 
the water is warm than when it is cold. Therefore in the warmer 
seas the ordinary food-requirements of animals and plants are 
greater than in the cold seas. 

We must distinguish between what Piitter calls the Betriebs- 
stoffwechsel,” and '' Baustoffwechsel ” of an animal or plant. The 
former we may call the ordinary current metabolism of its body, 
the assimilation of food-material and excretion of waste products 
which must necessarily proceed if the organism is to continue to 
live. The latter is the structural metabolism, the setting aside of 
assimilated food-substance for the formation of new tissue material, 
of eggs, buds, generally of ne\v individuals. The former is the 
anabolism and katabolism of the ordinary life-processes of the 
stationary organism; the latter is the anabolism of the growing 
plant or animal, or of the animal which is actively reproducing. 
It is the metabolism of growth and reproduction. 

Now in warm and cold seas alike the reproductive phase has 
become a habit of all organisms, recurring at regular intervals of 
time, which are determined by physical conditions. Alike in warm 
and cold seas there is a population of animals and plants which is 
exactly adjusted to the amount, of food-materials present. If the 
current metabolism of a cold-blooded animal or marine plant 
increases with the temperature it follows that a lesser mass of 
food-stuffs will suffice for the same population in a cold sea than in 
a warmer one. But if the organisms of the plankton of a warm 

^ Stoffhaushalt des Meeres. 
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Hea-arcii nM|uirc a greatei* pr<)poiT,ion of food-stuffis for the main¬ 
tenance of their ordinary life-processcvS, it may be the case that the 
stniclrural metabolism suffers; the assimilated food-substances 
being restricted to the ordinary metabolism of the organism 
(thus passing through a current account ”), rather than to the 
stnict.ural metaboHsm (passing into a sinking fund ”). Therefore 
it s(Hnns reas(mabl<^. t(^ expect that h^wer imlividiuils would be 
g(Uierat(‘d in warm than in cold seas, that is to say, the production 
would be less. 

Tht‘ read<‘r will s(h'. that the problems of the causes of the varia¬ 
tions ill (Umsity of animal and v(‘getable life in tbe sea arc 
exee(*dingly cumiplex on(‘s. But it seems clear enough that certain 
principal fact.ors an* concermHl in S(‘.tting up these variations of 
<iensity of life: (1) the mov<anents of hcix water, eithe.r horizon¬ 
tally as oceanic tmrnaits, or vertically, as it sinks to the bottom or 
rises to tbe surface. This circulation of the S(^a water must divStri- 
buU* tin* inorganii’ nitrogmious and carbonaceous food-salts, leading 
to an abundaiu'e of tbesi* in s<mH^ jiarts of tlui sea and a scarcity in 
otluu' parts. Marine, life will, of course, vary according to the 
variations in ahundanc(* of thes(^ ultimate food-stutfs. (2) The 
marim*. ba<*t>(*ria, particularly thost* that act specially on nitrogen 
ami its comp<mnds, an* also fa-ctors. The denitrifying micro¬ 
organisms are (*apahlt* of reducing the nitrogtui salts to such 
a form that. thi‘y can no long(‘r lx* assimilatixl by the plants. On 
the othi*r hand tJnuv. an* also bacteria in the sea which can utilise 
the free nitrogen wliicb is dissohaxl in the watiu’ fnun the 
atmoHph(*r(% converting this into compounds whi(b can serve as 
food-substanees for the phmts. (d) Finally the mass of life in any 
part of the sea must dejvemi to souu* extent upon variations in 
physical comlitions: on sunlight lx:cause the cnm-gy of thiKS is 
utilis<*<l by the plants iti ilu* jn'ocess of photo-synth(‘siH; a,nd tipou 
ttnnpt*raturi% sinci* witli tin* risi* of tin* lattcT, ordinary metabolic 
pruc(.*sHes bcjcomi^ mon* wasteful. 

llesuming tin* main facts idicited in our study ot the circula¬ 
tion of nitrogtcu wt^ find that tin* land areas arc Inuiig <leplc^sl of 
this substanci* (1) because in the aH‘tabolism of organisms, and in 
the decompositioii of the <h*ad bodi(^H of thc\se, nitrog(,m salts are 
formed which are Wiished down into the sixiin the water ot rivers; 
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and (2) because a certain amount of denitrification mu^t take 
place. On the other hand the land gains nitrogen, (1) by the 
transfer of organic material to it from the sea; and (2) by fixation 
of the elementary nitrogen of the atmosphere by electric dis¬ 
charges, and by the activity of the bacteria which are associatcMl 
with certain plants. The sea is being depleted of its nitrogen, 
(1) by the transfer of economic organic products to thi^ land (the 
fisheries); and (2) by denitrification. It gains nitrogen, (1) from 
land drainage ; and (2) by nitrogen fixation by electric discharg(‘S ; 
and nitrogen-combining bacteria. 

It is not possible to set, in balance-sheet fashion, these n'ceipts 
and outputs against each other. We know only very imperfectly 
what are the approximate masses of nitrogen compounds in 
circulation. We do know, however, that the sea is not becoming 
appreciably richer or poorer in nitrogen compounds. Probably it- 
gives up to the land and atmosphere just as much of this c^hantmt, 
or its compounds, as it receives from those parts of natur(v We 
know also that the composition of the atmosphen'. lias n^maincsl 
very approximately the same during long periods of time'. .It, too 
must receive back as much nitrogen (from tln^ reduction of 
compounds of this element by bacterial life) as it yields to the 
land and sea (from fixation by electric discharges, and nitrification 
by micro-organisms). But we must not assume tiiat tht‘ vahu- 
position of the sea and the atmosphere remains cpiite constant. 
Perhaps changes are proceeding which by-and-by may profoundly 
influence life both on sea and land. Such changes are, huwiWiU', 
taking place very slowly indeed. 

In the present state of our knowledge this is ail that we can 
say. Quantitative methods of study of biological ph<momena in the 
sea, such as I have attempted to illustrate in this l)ook, havi‘ only 
recently been adopted, and arc still too impmfectly (Uwelop(a! U) 
enable us to trace numerically the course of ciixmlation of iho 
ultimate food-substances of terrestrial and marim^ (jrgani.Hms. 
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THE cniEMLSTHY OF THE PRIMITIVE OCEAK 

A. tk in an extremely interesting paper, discusses this 

qnrttliun from the point of view of the composition of the blood and 
tiHHtje-llniflH (if innriiK*. and land animals. Originally the earth was a 
molten inaKH, ami tin*, temperature was so high that many compounds 
now ill t.ln^ solid state w(n*e them in the form of vapour, and with 
their elements dinsoeiated from each other, as is still the case in the 
litnuwplu're of the sun. Hut as the earth cooled down, and as the 
eruHt lM!eann‘ solid, tln^ t,e!nperatiire of the atmosphere fell, and then 
many of tbese elements combined together to form compounds, such as 
tddorides, snlphaies, carbonates and oxides of sodium, potassium, 
magnesium, calcium an<I others, and these compounds were pre¬ 
cipitated on tlic thin, solid, but still very hot crust of the earth. 
Ilie temperatun*H at wliich thesi^- combinations and precipitations took 
pla<*e wm^ very variable and depended on the pressure of the atmo- 
Hph«*re, whicdi was then much greater than it is at present, but was 
coiiiinually fallitig. Probably when these compounds were first 
comlmwcMl, rtTusion of tln^ thin crust of the earth would take place 
ov«»r tha wem of precipitation and thus diffusion of the salts would 
take place over conaidt^rable areas of the crust. Solidification and 
refiiHion w<add probably take place many times before a permanently 
wdid v.rmi could be fonmnl When the temperature of the latter fell 
low emmgh the water vapour of the atmosphere would also be pre- 
cipitatiwl, !>ttt it would again be evaporated; and these condensations 
an<l ravoktilimtions must have taken place very many times before 
the first permaiHmt seas would be formed. There would be jiaces 
on the earth where the temperature of the crust was lower than 

^ •■‘The Palaeochemistry of the Ocean,” Trans. Canadian Institute, vol. vn. 
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elsewhere and here the first seas would be formed. The primitive 
crust would be thin and yielding, and as the interior was still liquid, 
whenever a considerable mass of water fell on it, it would become 
depressed, and in this way the first ocean beds wmuld be formed. 

The composition of these first oceans would be very different from 
that of the modern ones. At first, for a very short tin^e, the water in them 
would be almost pure but soon salts would accumulate, (1) from the 
solution of the materials present in the original crust of the earth, 
and (2) from the solution of the salts present in the rocks of the dry 
land, and brought down in solution by the rivers. In the w^ater of 
these first rivers the salts would be present in proportions depending on 
the relative amounts in which they were present in the rocks, and also 
on their relative solubilities. The composition of the sea would soon 
become very similar to that of the rivers. Potassium and sodium 
would probably be very nearly equal in amount; possibly magnesium 
would be more abundant than sodium, and calcium more abundant 
than either. Changes would soon take place in the composition of 
the water of the primitive sea, for mutual reactions between the 
various salts would take place. 

By-and-by life appeared in the sea and then further changes 
would take place in the composition of the ocean salts by reason of 
the action of living organisms. Calcium would be precipitated, for this 
element would be secreted by organisms to form their limy skeletons, 
and when they died the skeletons would sink to the sea bottom and 
accumulate. Some magnesium would also be precipitated, for we find 
this element in association with lime as magnesian limestone. 
Potassium would be precipitated as glauconite, a mineral \yhich is 
formed by organic action. The decomposing dead matter of organisms 
liberates sulphuretted hydrogen, which then combines with iron to form 
ferrous sulphide, and then the sulphur of this compound is oxidised to 
form sulphuric acid. This acid acts on finely divided clay and sets free 
colloidal silica, and the ferric hydrate present combines with this to 
form a silicate and this then reacts with potassium salts to form 
glauconite. In this manner and by other means the excess of 
potassium originally present in the sea was gradually eliminated from 
solution. Whenever life began to increase in the sea these reactions 
would take place, and thus the calcium and potassium originally 
present in excess would be reduced in amount. Sodium is not 
removed from the sea in any great amount. Small seas may 
dry up and their salt contents may pass out of solution, but 
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tiliis pr(>e(*sH cannot tak('. p]ae(‘ on a very lar^e scale. Salt is also 
rmnovcMl from the sea hy the (‘vaporation of water, but it comes back 
again in t!u‘ rainfall. During all the past history of the earth salt 
has b(‘en dissolvc^d out from the rocks and carried down to the sea in 
tln^ rivMu's and so it has gradually Ikmui increasing in ainoimt. Thus 
be(‘ause of the mutual reactions of tlu^ salts themselves; because of 
th<» a.et,ion of organisms; a,!id beca,use of the solvent action of the 
rivers on the rocks of tln^ dry land, the composition of the salts 
present in tin* sea iuis continually lanm changing: lime and potassium 
have iHMm decreasing; sodium has been increasing; a,nd magnesium 
has alH<» hetm iiun'easing. 

In many animals th<^ liquid in the vascular system has much tlm 
same composition as s(‘a watesr ; in fact we tmiy negat’d it as sea 
wat«'r with sonu' organic matter super-added. In th(‘ Idood plasma of 
vertebrate a,uinuils the ndative proportions of the eleimmts sodium, 
potassium, and cahdum a4'e strikingly similar to the relative proportionn 
of these snnw eh^neiHs in the s(‘a wnte.r of th(‘. pniscmt day. But whereas 
tht*re are 11‘iPJ parts of magiu'sium in the sea to eveuy 100 parts of 
M<Hiium tiuu’e is only Os'^ part, of magnesium iu tlu' blood plasma to 
every BHI parts of sodium. If again we analysis the substance* of the 
muKcles, A'e, of th<‘ vt‘rt(‘bnite body w(‘ fiml that tlu^ r(dativ(^ proportions 
of the. eleimatts sodiinn, potassium, magmssium and calcium an', very 
diilenmt- from tluwe pn'Stmt in tin* bliKKl. 

Nt>w tijere is probably a relatioii beiwt'en the composition of the 
salts of tlie hhanl ami tissues of th(' Ixsly a!ul that of the salts of the 
wat<*ry ujedium iu which this has lived, Th<^ first organisms proliahly 
originated in the sea. Tiny were unicthular organisms, mnthm* plants 
imr animals, but organisms from whi<di both king<loms of lifc^ have 
originattsL Tluy lived liatlu'd in waim- in which were dissolved salts 
in cculain proportions, and continually tlie.s(‘ salts in tlu^ sea reacted 
on tht' living protoplasm of the. organisms living tlu're. Thus the 
protoplasm ac(|uired modt's of imdalHdism which w(u*c due to the 
reactiim in its tirst (uivintumeut. Tiu^ nhitive proportions of the 
cdemeniH sotUuin, ptdassium, magnesium and calcium pn^seut in this 
original priitoplnsm Is'canu' similar to tiie proportions in which those 
name eloment.H existed in the si*as in which life appiymnl. 

By«amldy organisms he(*am('. more eomple.x. First of ail,.^they 
iKJcamt' multictdlular, and tlien among other structures they acquired 
a circulatory Hystem. At first hlu^ fluid in this circulatory system 
was in open comniunication with tint wah'c of tlu^ sea: it was in fact 
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modified sea water. We still find animals, coelenterates, o£ this kind ixi 
the sea. Then the circulatory system became shut off from the outside 
world and formed a closed system of canals. When this closure toolv^ 
place the composition of the blood, as regards the relative proportions 
of the inorganic substances in it, was the same as that of the 
surrounding sea water. Now these evolutionary changes, first that of 
the multicellular animal, then the acquisition of an open, and then b . 
closed blood vascular system, took a very long time and during this 
interval the composition of the sea was continually changing. 

The reader should remember how very strong is the influence of 
heredity, and how slowly, in spite of evolutionary changes, the more 
fundamental of the characters of living organisms change. Thus 
protoplasm is a mixture of immensely complicated substances. Each 
of the proteids contained in it is a molecule-complex composed of a» 
great number of “ building stones,^’ each of which is itself a complex 
molecule. It is almost infinitely variable in composition, as variable 
probably as the species of organisms. Yet in spite of this variability 
we find it everywhere essentially the same in general characters and 
reactions, though a number of different types of structure are conceivable. 
If the protoplasm of both animal and vegetable cells is the same, 
then it is probable (arguing in the approved Darwinian manner) that 
both animal and vegetable protoplasm is similar, in general composition, 
structure and reaction to the protoplasm of those ancient organisms 
from which both kingdoms originated. Again, the highly complex 
process of nuclear division is similar in both animal and vegetable 
cells, and this argues in favour of the continuity of structure and 
reactions of protoplasm all down through the ages. 

Why again should vertebrates, molluscs and Crustacea have skele¬ 
tons composed of carbonate and phosphate of lime instead of (say) 
siliceous or clayey skeletons, or perhaps iron ones'? Silicon and 
aluminium are more abundant in the earth’s crust than calcium, and 
one can easily conceive of bones or shells in which the inorganic 
matrix is silica or some alumina compound, or some oxide or carbonate 
of iron. Hosts of organisms have siliceous skeletons (though none 
have a skeleton in which the earthy basis is aluminium or iron). 
Obviously the skeletons of the vertebrata contain lime as their 
inorganic basis because at the time when the “ provertebrata ’’ lived iix 
the sea the water of the latter contained a large proportion of calcium 
salts in solution. Eor long ages these organisms secreted lime from 
the sea and so a “ lime habit ” of metabolism became established, and 
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the necessity of this element is indicated in some queer facts of 
manimaiian physiology : in the necessity for the presence of a calcium 
■salt in the coagulation of the blood, for instance. The ancestral 
vertebrate organisms became adjusted to an environment in which lime 
was a prominent factor, and heredity has stamped this adjustment on 
the metabolism of the living vertebrates, which secrete their skeletons 
in the manner that their ancestors in Silurian times did. Usually 
one thinks only of morphological and psychical characters as being 
hereditary, but after all these are only transitory features of the 
relatively unalterable ‘‘protoplasmic basis of life.’^ 

So just because the primitive unicellular organisms lived in a sea 
in which the salts in solution were present in certain proportions their 
living vsubstance came to contain these salts in the same relative 
proportions as did the sea water. Heredity fixed this proportion 
of the elements sodium, potassium, calcium and magnesium in the 
protoplasm of the primitive organisms, and we see it to-day in the 
composition of the protoplasm of living animals. Then multicellular 
animals possessing a circulatory system containing a liquid which had 
the same relative composition as that of the surrounding medium were 
developed. By-and by the circulatory system, originally in connection 
with the sea, became closed off from the latter, and when this happened 
the inorganic constituents of the blood were similar, in respect of 
their relative proportions, to those of the sea of the time. But even 
after the circulation had been shut off from the sea, and long after the 
composition of the latter had changed, heredity maintained the 
composition of the blood. The proportions of the salts of sodium, 
potassium, calcium and magnesium in the blood of living vertebrate 
animal^ are therefore those in which these salts were contained in the 
sea in very remote geological times. 
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Murray and Irvine {Proc. Roy. Soc. Edinburgh^ vol. xvii. page 82, 
1891) give the following table shewing the estimated area, the mean 
depths of occurrence, and the percentage of lime in relation to deep- 
sea deposits. 


Deposit 

Area in square 
miles 

Mean depth 
in fathoms 

Mean percent¬ 
age of CaCOj 

Oceanic deposits: 




Bed Clay . 

50,289,600 

2727 

6-70 

Badiolarian ooze . 

2,790,400 

2894 

4-01 

Diatom ooze . 

10,420,600 

1477 

22-96 

Globigerina ooze . 

47,752,500 

1996 

64-53 

Pteropod ooze . 

887,100 

1118 

»9-26 

Terrigenous deposits: 




Coral sands and muds ... 

3,219,800 

1 710 

86-41 

Other terrigenous deposits 

27,899,300 

1016 

19-20 
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FOUR HENSEN NET HAULS IN THE IRISH SEA. (13 Nov. 1906.) 


Organisms identified 


Proceeding in a straight line west from the 
English coast to that of the Isle of Man. 
Hauls equidistant 



I. 

II. 

III. 

IV. 

Volume in cubic cents. 

4 

1 

2 

2'5 

Asterionella blcakleyi. 

+ 

4 

4 

4 

Biddulphia mobiliensis . 

4“ 

4 

4 

4 

Chaetoceros constrictum ... 

+ 

4 

4 

4 

Chaetoceros dcbile . 


4 

4 

4 

Chaetoceros decipiens. 

+ 

4 

4 

4 

Chaetoceros teres. 

4- 

4 

4 

4 

Coscinodiscus conciimus. 

+ 

4 

4 

4 

Ditylium brightwelli . 

4- 

4 

4 

4 

Eucarnpia zoodiacus . 

4- 

4 

4 

4 

Melosira borreri . 

4- 

4 

4 

4 

Ehizosolenia semispina . 

+ 

4 

4 

4 

Ehizosolcnia shrubsolei . 

+ 

4 

4 

4 

Ceratium furca . 

4- 

: 4 

4 

4 

Ceratium tripos . 

, + 

4 

4 

4 

Ceratium fusus . 

4- 

4 

4 

4 

Tintimiopsis campanula. 

4- 

- 



Noctiliuia miliaris . 

4- 

4 

4 

4 

Pleurobrachia pilous . 

1 

0 

2 

0 

Sagitta bipunctata . 

4- 

4 

4 i 

4 

Larval polychaeta . 

+ 

4 

4 

4 

“ Mitraria ” . 

4- 

4 

4 

4 

Calanus helgolandica . 

1 

0 

0 

8 

Pseudocalanus elongatus ... 

4- 

4 

4 

4 

Paracalanus parvus. 

4 

4 

4 

4 

Temora longiconiis. 

6 

0 

0 

0 

Acartia clausi . 

4- 

4 

4 

4 

Oithona similis . 

4 

4 

4 

4 

Oikopleura . 

4 

4 

4 

4 

Copepod nauplii . 

4 

4 

4 

4 

! « 


See A. Scott, Ann. Report Lancashire Sea-Fisheries Laby. for 1906. Symbols 
denoting the frequency of occurrence of the organisms are used by the author, 
but in view of Apstein’s objections to the use of these it is best to use only the 
signs of presence or absence. 


J. P. 


20 































APPENDIX IV. 


THE ACCURACY OF THE OBSERVATIONS. 

(1) Calculation of the error. If we assume that no constant 
error is involved in the use of the quantitative net, and that the 
plankton is distributed with absolute uniformity, then the experimental 
error of the observations may be calculated by statistical methods. A 
number of such determinations have been made and are summarised 
by Schiitt (in Analytische Plankton-Studien^ Kiel and Leipzig, 1892). 
The most obvious manner of estimating the error is by making parallel 
hauls with two nets coupled together on the same line and lowered and 
hauled at the same time. SchutUs Table 7 gives the results of six such 
experiments made during the Plankton Expedition. These are : 


Hauls 

Yolimies of the 
individual hauls 
in e.cs. 

Differences of the 
individual hauls from 
the mean of each 


pair in c.cs. 

1 

I. ...... 

1 14 i 

± 1*5 

II. 

( 14-5) 

< 15-5 S 

± 9*5 

Ill. 

1 

1 10 ( 

± 0*5 

IV. 

i 21 ) 

1 22-5 [ 

± 0*75 

V. 

( 36 1 

1 35 ] 

± 0*5 

VI. 

S241 / 

i 208*5 ( 

±16*25 


Percenta^^e 

differences 


±12*00 Vo 

± 3*33% 
± 4*76 
± 3*45% 
± 1*4LVo 
± 7*23% 


Tlie average error is thus 6-4 7„. Calculated by the method of 
least-squares it is 6-8 “/o. The probable error is however 4-5"/„. 

The results of 54 test hauls made by Henseii are also quoted by 
Schiitt in Table 6. In these trials the same net was hauled twice in 
succession in the same place, and as nearly as possible from the same 
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depth, and with as short an interval as possible, on 40 occasions 3 three 
times in succession on two occasions; and eight times in succession on 
one occasion. The average error was 12*8 ®/o; the error calculated by 
the method of least squares was 19*77o^ probable error 

was 13*3 

Schiitt gives also (pages 77—80) an analysis of the catches made in 
the Sargasso Sea during the Plankton Expedition, 24 hauls were made 
and the volumes of the catches (after removal of the larger objects) 
were—in cubic centimetres: 3, 4*5, 2*5, 2, 2, 3*5, 2, 5, 2*5, 6*5, 4, 2*5, 3, 
4, 2*5, 3, 3, 4*5, 4*5, 3*5, 3, 5, 2*5, 1*5. 

These catches indicate a remarkable degree of uniformity of the 
plankton in this part of the Atlantic. The simple average catch 
is 3*33 c.c. 

Now if we take the sepai^ate catches we hnd that their divergences 
from the average catch are: 

-^0*3, 4-1*2, -0-8, -1*3, -1*3, 4-0*2, -1*3, 4-1*7, 

-0*8, +3*2, +0*7, -0*8, -0*3, +0*7, -0*8, -0*3, 

-0*3, +1*2, +1*2, +0*2, -0*3, +1*7, -0*8, -1*8. 

The above values represent the divergences in c.cs. from the 
simple average catch. But calculating the mean divergence from 
the formula 


(where il/™ divergence, N = sum of the squares of the individual diver¬ 
gences, and A = the number of observations) and we have 1*2 c.c. as 
the mean divergence of each catch from the average one, and 0*8 as 
the pr<fbable divergence. 

Because of the small catches made the percentage divergences are 
ratlier high. The average is 29 ^/o 3 the average from the method of 
least squares is 36yo3 and the probable divergence is 24 yo. 

But this is the total error and it is made up as follows: 

( 1 ) Due to the motion of the ship during 
observations 3 

(2) Due to the imperfection of the net, 

(3) Due to loss of catch on liltration 3 

(4) Due to error in reading the volume of the 
catcli 3 

due to the variation in the distribution of the 


Expei’imental 

errors 


J 


and (5) the 
plankton. 


error 


20—2 
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NTow it is difficult to separate the error due to the variation 
in uniformity from the other errors. Absolute uniformity of the 
plankton does not of course exist in the sea. Hensen’s postulate is 
usually misunderstood. W^hat the Kiel school of planktologists main¬ 
tain is that wherever the physical conditions [Lebenshedingungen) are 
uniform there is also an approximate uniformity in the nature and 
distribution of the plankton. So we find, as Oleve’s charts shew, that a 
large sea area, like the North Atlantic, or the North Sea, is to be divided 
into a number of sub-areas, each of which is characterised by a peculiar 
plankton-facies. The error due to experiment can only be separated 
from those due to irregularity if we make test hauls in an area where 
the physical conditions are as similar as possible over the entire area. 
Now such physical uniformity does not exist over even comparatively 
small areas of inshore seas. In the North Sea, as the charts published 
in the Bulletin des Resultats of the International Fishery Investigations 
Bureau shew, there are very great dififerences in the salinity and 
temperature of the water, from place to place, and from time to time; 
and with these difierences there must be differences in the plankton. 
In the Irish Sea we have a certain homogeneity in the physical 
conditions, but this homogeneity is due to the mechanical mixing of 
the water coming from outside the area, with that coming from the 
land. It is not a uniformity due to the common origin of the water. 
One would therefore expect to find a certain degree of irregularity of 
the plankton due to the fact that some species which were adapted to 
live well in either of the water sources are not adapted for life in the 
mixture of both, and therefore that some of them will die out. Still 
less would we expect to find an inshore area adapted for such test 
hauls. In the Sargasso Sea, however, we have a vast mass of water 
occupying the centre of the Gulf Stream cyclonic circulation. It is 
what Haeckel called a Halistatic area, and in it we should expect a 
uniform plankton. Over 2000 miles of ocean the temperature during 
the cruise varied only from 26^*2 to 25^*4 C., and the salinity from 
36 L to 37. Schutt estimated that the total mean divergence of tin 5 
average catch of 32 7^ was due partly to the lack of uniformity, and 
partly to errors of experiment. The latter he estimated at 20%. 
Therefore the mean variation of the plankton in the Sargasso Sea in 
August 1888 was about 16 7o more or less than the mean. 
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(2), Details of th.e catches made during the German 
periodic North Sea cruises. The following figures are taken from 
Apstein’s report in the TFiss. Meeresunt. Bd. ix. Abth. Kiel, 1906. 
North Sea, 1903. (Figures in brackets indicate the stations.) 

BIDDULPHIA spp. 

February: (1) 16,000, (2) 390,000, (3) 48,000. 

May: (1) 880, (2) 8000, (3) 0, (4) 0, (5) 80, (6) 20,000, 
(7) 3100, (8) 24,000, (9) 60,000, (10) 20,000, (11) 0, (12) 0, 

(13) 0, (14) 0, (1.6) 0. 

August: (1) 60,000, (2—15) 0. 

November: (1) 160,000, (2) 16,000, (3) 0, (4) 400, (5) 0, (6) 234,000, 

(7) 848,000, (8) 1,053,000, (15) 91,840,000. 

COSCINODISGUS spp. 

February : (1) 203,900, (2) 132,000, (3) 120,000. 

May: (1) 36,000, (2) 4800, (3) 13,440, (4) 614,000, (5) 187,000, 
(6) 149,600, (7) 161,100, (8) 54,400, (9) 256,400, (10) 152,880, 
(11) 90,400, (12) 57,200, (13) 10,040, (14) 11,800, (15) 169,920. 

August: (1) 5600, (2) 3400, (3) 400, (4) 4400, (5) 16,900, 
(6) 24,320, (8) 26,400, (9) 64,000, (11) 128,000, (12) 0, (13) 4000, 

(14) 2160, (15) 66,080. 

November: (1) 27,000, (2) 12,080, (3) 91,200, (4) 9540, 
(5) 21,600, (6) 468,300, (7) 971,200, (8) 854,000, (15) 1,280,000. 

CHAETOCEROS spp. 

F^ruary: (1) 7,200, (2) 1,336,000, (3) 2,566,400. 

May: (1) 518,400, (2) 32,000, (3) 520,800, (4) 4,000,000, 
(5)4,876,000, (6) 4,548,000, (7) 1,012,000, (8) 627,000, (9) 11,304,000, 
(10) 3,756,000, (11)- 157,977,000, (12) 10,020,000, (13) 24,000, 

(14) 144,000, (15) 248,000. 

August: (1) 400,000, (3) 40,000, (4) 0, (4a) 0, (5) 48,000, (6) 0, 

(8) 0, (9) 724,800, (11) 2,760,000, (12) 0, (13) 1,424,000, (14) 784,000, 

(15) 18,400,000. 

November: (1) 733,000, (2) 2,060,000, (3) 559,200, (4) 26,000, 
(5) 252,000, (6) 429,680,000, (7) 384,240,000, (8) 443,830,000 

(15) 1,760,000. 

CERATIUM spp. 

February: (1) 880,000, (2) 368,000, (3) 2,960,000. 
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May: (1) 3,839,200, (2) 448,000, (3) 1,212,000, (4) 856,000, 

(5) 2,385,200, (6) 6,706,000, (7) 6,768,480, (8) 2,476,000, (9) 8,338,000, 
(10) 2,950,800, (11) 1,210,000, (12) 1,260,400, (13) 640,000, (14) 
1,308,000, (15) 4,192,000. 

August: (1) 601,600, (3) 11,640,000, (4) 293,680, (4a) 1,480,000, 

(5) 8,648,000, (6) 20,178,000, (8) 8,168,000, (9)^32,880,000, (11) 
6,320,000, (12) 5,200,000, (13)2,368,1)00, (14) 5,440,000, (15)8,160,000. 

November : (1) 2,017,000, (2) 336,000, (3) 21,536,000, (4) 19,066,000, ' 
(5) 12,044,000, (6) 21,498,000, (7) 1.5,536,000, (8) 14,719,000, 
(15) 2,800,000. 

COPEPODS. 

February: (1) 336,960, (2) 96,160, (3) 213,300. 

May: (1) 488,680, (2) 489,720, (3) 598,780, (4) 654,800, 

(5) 523,520, (6) 629,580, (7) 546,320, (S) 697,680, (9) 713,580, 
(10) 742,300, (11) 908,560, (12) 294,080, (13) 135,680, (14) 205,280, 
(1-5) 764,640. 

August: (1) 381,600, (2) 1,344,440, (3) 1,044,960, (4) 1,391,520, 
(5) 442,560, (6) 742,960, (7) 620,820, (9) 4,232,000, (11) 697,440, 
(12) 478,160, (13) 1,327,840, (14) 396,640, (15) 261,600. 

November: (1) 316,140, (2) 198,000, (3) 266,480, (4) 251,840, 
(5) 182,520, (6) 471,120, (7) 566,000, (8) 682,560, (9) 1,545,600. 

(3) Hensen’s Nordsee expedition of 1895 : details of the 
catches. The results of this expedition are valuable, more because 
they are illustrative of a method of research which promises be of 
service in practical fishery investigation, than because of the precise 
deductions made by Hensen. I think it is now certain that the 
enumeration of the various species of fish eggs was inaccurate. In 
1895 the characters of the various species of teleostean eggs were not 
known very exactly. The Kiel zoologists based their identifications of 
the cod, flounder, plaice, whiting, dab and long rough dab mainly on 
the diameters of the ova, and we know (see Heincke and Ehrenbaum, 
Wiss. Meeresunt Kiel Komm. Bd. iii. Abth. Helgoland, Helgoland, 
1900; and Nordisohes Planldon, Eael and Leipzig, 1905) that in 
certain cases the sizes of the eggs do not aflford a very reliable means 
of distinguishing between the species of some ova. The individual 
catches of the cod eggs obtained are however of much interest as 
indicating the limits of variability of distribution of fish eggs in the 



APR IV] THE ACCURACY OF THE OBSERVATIONS 


Sll 


North Sea during the spawning season in question. Remember that 
it is possible that some cod eggs may have been wrongly identified. 

These individual catches are^: 

Cruise I. No eggs or larvae were taken in 18 hauls. The positive 
results were 9, 24, 24, 6, 3, 15, 6, 6, 54, 12, 165, 21, 27, 60, 204, 21, 3, 

3, 3, 36, 24, 6, 9, 48, 21, 3, 15, 21, 108, 69, 3, 36, 48, 12, 18, 9. 

Cruise II. No eggs or larvae were taken in four hauls. The 
positive results were 3, 9, 12, 24, 15, 216, 222, 183, 96, 156, 168, 543, 
360, 24, 27, 312, 84, 36, 57, 39, 24, 75, 51, 69, 54, 78, 132, 252, 462, 
126, 162, 153, 45, 69, 111, 131, 48, 39, 18, 6, 3, 105, 516, 63, 27, 75, 
15, 12: 

Cruise III. No eggs or larvae were taken in thirteen hauls. The 
positive results were 3, 33, 83, 29, 140, 60, 98, 71, 45, 44, 19, 9, 19, 
2, 3, 1, 8, 16, 79, 55, 17, 5, 8, 34, 22, 11, 25, 15, 20, 13, 7, 14, 7, 4, 9, 

8, 19, 81, 68, 24, 47, 17, 3, 9, 46, 5. 

The reader will find synoptic representations of these catches in 
the distribution charts and curves in the paper by Hensen and Apstein 
already quoted. The probable error is discussed by Hensen. Even a 
cursory glance at the figures given above, with a reference to the 
chart of the cruises and the positions of the stations, will I think 
convince the reader that it is not impossible to make a roughly 
approximate statement of the abundance of all fish eggs in the North 
Sea which are of the pelagic type; that is, their distribution is not 
so variable that an average cannot be made. It may he argued of 
course that Hensen missed certain spawning grounds, or failed to fish 
in places where a greater abundance of eggs than was found might 
have been present, or conversely that he fished in places where there 
was an unusual abundance of ova. But this is pure conjecture and is 
a priori improbable when the distribution of the eggs actually found is 
considered. The analysis of the catches by well-known statistical 
methods will shew that there is a certain probable error in the 
estimate of the number of eggs present per square metre, and so of course 
in the estimate of the total number of eggs in the whole North Sea. So 
we may say, as Hensen does, that the actual number present may be 
so much less, or so much greater than the number actually estimated. 

Fish eggs have absolutely no powers of locomotion, and larvae 
practically none, when we consider the size of the area. Thj^y are 
distributed by the mixing of the water due to winds, tides and 
currents. Thus the zoologists of the Nordsee Expedition found that 

^ Nordsee-Expedition, Tab. vn. p. 40. 
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the eg-s and larvae of Luidia, a bottom-living sea urchin, were 
distributed through a very large area of the North Sea, although 
Lindia is a deep sea animal and is found only in two or three parts o 
the North Sea (see Hensen’s Taf. XVII.). Of course the animal may 
have a much wider distribution than we suspect, but we have no right 
to assume this merely to discount the bearing of the fact of its wide 
distribution on Hensen’s general statement. The bottom fauna of the 
North Sea is in fact pretty well known and if Luidia were generally 
distributed over the entire area it would have been more frequently 
found. 

Again the sand-eel and the flounder are both shallow water fislies, 
that is, predominantly so. If these fishes spawned in the shallow 
water off the coast, and if there were no means whereby their eggs 
became widely distributed, then we should expect to find them in a 
comparatively restricted area near the land. But the fishes in 
question are shallow water spawnei’s, and yet we find their eggs over 
the greater part of the North Sea, a fact which seems to me to justify 
us in concluding that there are unlikely to be any very considerable 
segregations of pelagic eggs in the sea, and therefore that the method 
of the Nordsee Expedition was a valid one. Nevertheless we. mu.st 
not forget that the limits of error in the results are somewhat wid(^ ; 
and that in the application of these results this limit must have a 
certain relation to the conclusions that have to be made. 
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THE CALCULATIOlSr OF THE COEFFICIENTS OF THE 
QUANTITATIVE PLANKTON NETS. 

This is an extremely difficult and laborious operation and I can 
only barely indicate the manner in which the calculations are made. 
If we were to attach only the ring wliich forms the mouth of the 
quantitative net to a rope and haul it up from a depth of (say) twenty 
metres to the surface, then a column of water of twenty metres in 
height, and of a sectional area equal to that of the opening of the ring, 
would pass through the lattei\ Hut if, again, we were to attach a bag 
made of some impermeable material to the ring and then haul it up 
through the water none of the latter would pass through the fabric, 
and instead we should have a pressure on the walls of the lattei-. 

This pressure would be determined by the rapidity with which tlu^ 
apparatus was hauled. It can be ascertained by the application of 
the well-known Torricellian Theorem and is 



where V is the velocity with which the apparatus is hauled, and f/ is 
the acceleration of gravity. 

But whenever we attach the permeable silk net to the ring 
case becomes quite different. Tlie pressure J) <)l)tained as above no 
longer exists. It is as if a water main had been tapped or was 
leaking: then the pressure within it falls off. The net is not 
impermeable and water issues from each of its pores. If we wish to 
find how much water passes through the net fabric at a 4cnown 
velocity of hauling then we must determine what is the mean 
pressure on it per unit of filtering area. This pressure varies from 
part to part of the net: it is greatest near the mouth (near the 
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instreaming water) and least at the end of the net, furthest f^om the 
instream, for immediately water enters leakage begins. The mean 
pressure on the walls of the water can only be determined by 

exp6rioieiit and laborious calculation. ^ jv* • ^ 

Startino- out from such considerations Hensen obtains a coe&cient, 
which he calls ij/, for each grade of the silk bolting; cloth used m the 
construction of the nets. In making a haul with a quantitative net 
we have to consider (1) the velocity of haul^say 0-5 metre per second; 
(2) the area of filtering surface; and (3) the area of the moutli 
opening. The velocity of haul can be made always (approximately) 
the same; if not a correction can be applied. Suppose that the area 
of the mouth of the net is 0*1 sq. metre, then the volume of plankton 
caught, or the number of organisms, must be multiplied b}^^ the 
coefficient il/ in order to “approximate to^’ the number of organisms, 
or the volume of plankton which would have been contained in a 
column of water of OT sq. metre in sectional area. 

The methods used by Hensen in order to find the mean pressure 
on the wails of the net, and so the value of the coefficient ij/, are to be 
found in the Bestimmung des PlanMons, and in the Metlunhk. If the 
reader has sufficient mathematical attainments, and is able to master 
the difficult Gennan of these memoirs, he will, I think, find tha-i 
considerable reliance is to be placed on the value of these constants. Of 
course the result of the reduction of the catch is to give only an 
approximate value for the plankton contents of the unit column 
of water. But when the net is carefully made and used (the haul 
must really be a vertical one and not the oblique haul that may be 
regarded as “verticah’) then the coefficient doubtlcvss gives ):oliablo 
results. The limits of accuracy were investigated by Lohrnann by 
comparison of the calculated catch of a vertical net with the catch 
made by the use of a pump and hose-pipe. 

It may be suggested that the value of ij/ varies with the continued 
use of the net. But the nature of the fabric of the latter is such, 
and the construction of the net is so planned, that the value of th(^. 
constant cannot vary much during the limited period that tln.^ 
apparatus can withstand work at sea without disablement. 
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CALCULATION OF THE AGE OF THE EARTH FROIVE THE 

MEASUREMENT OF THE DRAIHAGE OF SODIUM FROM 
THE LAND INTO THE SEA. 

JoLY has attempted to estimate the age o£ the ocean from a knowledge 
of the amount of sodium in the sea, and the amount which annually 
enters it from the land. He finds from ]Mur^ay^s tables that the 
amount of sodium annually entering the sea is about 157,270,000 tons, 
and that the amount contained in all the oceans of the world is about 
14,151,000,000,000,000 tons. Therefore the age of the ocean is 
apparently about 90,000,000 years. Hut J oly assumes that the first 
oceans due to the condensation of water vapour from the primitive 
atmosphere contained about 14 7o of the sodium now present in the 
seas. On the other hand the amount of sodium in the sea is 
probably higher than is shewn in Muri'ay’s tables: Joly puts it as 
15,627,000,000,000,000 tons. Again 10% of the sodium entering the 
sea frogi the land comes from the former in evaporated water and is 
simply returned to the sea—not dissolved froni out of the rocks. These 
corrections indicate that the more probable ago of the ocean is about 
89,300,000 years. 

The Rev. 0. Fisher criticises this estimate, pointing out that salt is 
probably imprisoned in the sedimentary rocks and is again returned to 
the sea on the weathering of the latter. This pre-indicates a circulation 
of salt to and from the sea. The effect of this correction is to 
multiply Joly’s estimate several times. 

Dubois also points out that the amount of salt dissolved out from the 
rocks is only* about one-quarter of that deduced by Murray. If this 
is the case then Joly’s estimated age must be quadrupled. 

The literature of these calculations is summarised in a paper by 
Macallum in Trans. Canadian Institzite, Vol. vil. Pt. 3, p. 536, 1904. 
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t*Hlinuition td, 13 
(inlf stream, 44 
Irtslii Sea, 3t)H 
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Trammel-net, 25, 111 
Transparency of sea, and plankton, 
205 
Trawl 
Agassiz, 23 
beam, 17 

Heligoland young fish, 27 
otter, 18, 28 
shrimp, 18 
use of, 18 
Trawlers 

cart-shanking, 107 ■ 
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